12 United States Patent
Okazaki

US009976049B2

US 9.976,049 B2
May 22, 2018

(10) Patent No.:
45) Date of Patent:

(54) HYDROPHILIC MONOLAYER FILMS

(71) Applicant: MITSUI CHEMICALS, INC.,
Minato-ku, Tokyo (JP)

(72) Inventor: Koju Okazaki, Ichihara (JP)

(73) Assignee: MITSUI CHEMICALS, INC.,
Minato-Ku, Tokyo (JP)
( *) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35

U.S.C. 154(b) by O days. days.
(21) Appl. No.: 15/307,045

(22) PCT Filed:  May 12, 2015

(86) PCT No.: PCT/JP2015/063615
§ 371 (c)(1),
(2) Date: Oct. 27, 2016

(87) PCT Pub. No.: WO02015/178248
PCT Pub. Date: Nov. 26, 2015

(65) Prior Publication Data
US 2017/0044393 Al Feb. 16, 2017
(30) Foreign Application Priority Data
May 19, 2014 (JP) oooeeeiiie e, 2014-103180
(51) Imnt. CL
CO8L 43/00 (2006.01)
CO9D 133/14 (2006.01)
B32B 27/30 (2006.01)
CO8F 220/26 (2006.01)
CO9D 5/16 (2006.01)
(Continued)
(52) U.S. CL
CPC .............. C09D 133/14 (2013.01); B32B 7/06

(2013.01);, B32B 7712 (2013.01); B32B 9/045
(2013.01); B32B 15/08 (2013.01); B32B 27/08
(2013.01); B32B 27/10 (2013.01); B32B 27/16

(2013.01); B32B 27/283 (2013.01); B32B
27/30 (2013.01); B32B 27/302 (2013.01);
B32B 27/304 (2013.01); B32B 27/306
(2013.01); B32B 27/308 (2013.01); B32B
27/32 (2013.01); B32B 27/36 (2013.01);, B32B
27/365 (2013.01); B32B 27/38 (2013.01);
B32B 27/40 (2013.01); B32B 29/00 (2013.01);
COSF 220/26 (2013.01); COSF 222/1006
(2013.01); CO8J 7/04 (2013.01); CO9D 5/16
(2013.01); CO9D 133/04 (2013.01); CO9D
133724 (2013.01); C09D 135/02 (2013.01);
CO09D 157/00 (2013.01);, CO9D 157/06
(2013.01); CO9D 157/10 (2013.01); B32B
2250/02 (2013.01); B32B 2255/06 (2013.01);
B32B 2255/10 (2013.01); B32B 2255/12
(2013.01); B32B 2255/26 (2013.01); B32B
2255/28 (2013.01); B32B 2262/101 (2013.01);
B32B 2264/104 (2013.01); B32B 2307/21

(2013.01); B32B 2307/412 (2013.01); B32B
2307/518 (2013.01); B32B 2307/728
(2013.01); B32B 2307/732 (2013.01); B32B
2307/754 (2013.01); B32B 2405/00 (2013.01);
B32B 2419/00 (2013.01); B32B 2457/20
(2013.01); B32B 2471/00 (2013.01); B32B
2479/00 (2013.01); B32B 2605/00 (2013.01);
B32B 2607/00 (2013.01); COSF 12/30
(2013.01); COSF 212/14 (2013.01); COSF
2222/104 (2013.01); COSF 2222/1026

(2013.01)

(38) Field of Classification Search
CPC e, C09D 133/14; CO9D 5/16
USPC e 524/347

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

6/1981 Kamada et al.
0/1982 Kamada et al.

(Continued)

4,274,933 A
4,351,881 A

FOREIGN PATENT DOCUMENTS

CN 101309760 A 11/2008
CN 103025766 A 4/2013
(Continued)

OTHER PUBLICATTIONS

International Search Report (PCT/ISA/210) dated Aug. 18, 2015, by
the Japanese Patent Oflice as the International Searching Authority
for International Application No. PCT/JP2015/063615.

(Continued)

Primary Examiner — Hui Chin

(74) Attorney, Agent, or Firm — Buchanan, Ingersoll &
Rooney PC

(57) ABSTRACT

The invention provides monolayer films excellent 1n hydro-
philicity and transparency which include a crosslinked resin
having a surface enriched with hydrophilic groups, and
materials which exhibit excellent properties such as hydro-
philicity, antifogging properties and antifouling properties
by virtue of having the above monolayer films. A monolayer
film 1s fabricated which includes a crosslinked resin
obtained by polymerizing a composition including a com-
pound (I) having an anionic hydrophilic group and a func-
tional group with a polymerizable carbon-carbon double
bond, and a compound (II) having three or more hydroxyl
groups and three or more functional groups with a polym-
erizable carbon-carbon double bond, the monolayer film
having a gradient (Sa/Da) of not less than 1.1 wherein Sa 1s
the surface concentration of the amonic hydrophilic groups
in the monolayer film, and Da i1s the deep concentration of
the hydrophilic groups at %2 of the thickness of the mono-
layer film.

4 Claims, 1 Drawing Sheet
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1
HYDROPHILIC MONOLAYER FILMS

TECHNICAL FIELD

The present mvention relates to hydrophilic monolayer

films.

BACKGROUND ART

There have recently been increasing demands that sub-
strates formed of organic materials such as plastics and
inorganic materials such as glass be improved in terms of
antifogging properties and antifouling properties.

To solve the fogging problems, a method has been pro-
posed 1n which an antifogging coating containing a reactive
surfactant and an acrylic oligomer i1s applied to provide
enhanced hydrophilicity and water absorption (see, for
example, Non Patent Document 1). The fouling problems
have been addressed by methods 1n which the hydrophilicity
of the surface of materials 1s enhanced so that fouling such
as airborne hydrophobic substances which have become
attached to surfaces such as exterior walls can be detached
and removed from the surfaces by water spray or rainfall
(see, for example, Non Patent Documents 2 and 3).

Further, hydrophilic materials have been proposed in
which a crosslinkable polymerizable monomer composition
1s applied onto the surface of a substrate and 1s incompletely
polymerized while controlling the dose of UV 1rradiation to
form a crosslinked polymer, and subsequently a hydrophilic
monomer 1s applied and UV rays are applied again to block-
or grait-polymerize the hydrophilic monomer to the surface
of the crosslinked polymer (Patent Document 1 and Patent
Document 2).

However, this simple block or graft polymerization of a
hydrophilic monomer to the surface of a substrate only
attaches the hydrophilic groups to the surface, resulting 1n
low durability. Thus, the hydrophilic materials have draw-
backs in that they cannot withstand long-term use.

Further, there have been presented hydrophilic materials
which include a compound having an amonic hydrophilic
group and an ethanolamine (Patent Document 5), and hydro-
philic materials which include a compound having a non-
neutralized anionic hydrophilic group and an inorganic
colloid sol (Patent Document 6). However, the incorporation
of an ethanolamine causes problems such as sticky surface
due to the ethanolamine per se remaiming inside the film, and
poor athinity for water. The use of a compound having a
non-neutralized anionic hydrophilic group results 1 prob-
lems such as that the film will not attain suthicient hydro-
philicity and will have low transparency.

To solve the above problem, the present imnventors have
proposed a monolayer film 1 which specific anionic hydro-

philic groups have a concentration gradient (an uneven
distribution) between the inside of the film and the film
surface and the anionic hydrophilic groups are present 1n a
higher concentration near the surface (Patent Document 3
and Patent Document 4).

Films obtained by such methods attain excellent hydro-
philicity and transparency. However, a further enhancement
in transparency 1s often demanded in applications where
extremely high transparency 1s required, for example, 1n
optical components.
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Non Patent Document 3: Mirai Zairyou (Future materials),
2(1), pp. 36-41

SUMMARY OF INVENTION

Technical Problem

An object of the mvention 1s to provide monolayer films
excellent in hydrophilicity and transparency which include a
crosslinked resin having a surface enriched with hydrophilic
groups, and materials which exhibit excellent properties
such as hydrophilicity, antifogging properties and antifoul-
ing properties by virtue of having the above monolayer

films.

Solution to Problem

The present mventors carried out studies directed to
achieving the above object. As a result, the present inventors
have found that a hydrophilic monolayer film which has a
surface enriched with hydrophilic groups and exhibits higher
transparency than heretofore attained can be obtained by
polymerizing a composition including:

a compound (I) having an anionic hydrophilic group and
a functional group with a polymerizable carbon-carbon
double bond, and

a compound (II) having three or more hydroxyl groups
and two or more, or preferably three or more functional
groups with a polymerizable carbon-carbon double bond.
The present mvention has been completed based on the
finding.

Specifically, an aspect of the invention resides 1n a mono-
layer film including a crosslinked resin obtained by polym-
erizing a composition including;:

a compound (I) having an anionic hydrophilic group and
at least one functional group with a polymerizable carbon-
carbon double bond, and

a compound (II) having three or more hydroxyl groups
and two or more, or preferably three or more functional

groups with a polymerizable carbon-carbon double bond
(but the compound does not have amionic hydrophilic
groups),

the monolayer film having a gradient (Sa/Da) of not less
than 1.1 wherein Sa 1s the surface concentration of the
anmonic hydrophilic groups 1n the monolayer film, and Da 1s
the deep concentration of the hydrophilic groups at 14 of the
thickness of the monolayer film.

The compound (I) 1s preferably a compound represented
by the general formula (100) described later. In the general
formula (100), A 1s preferably a functional group with at
least one polymerizable carbon-carbon double bond selected
from the general formulas (121) to (125) described later.

The compound (II) 1s preferably a compound represented
by the general formula (200) described later.
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A stack according to the present invention includes at
least one monolayer film described above.

Advantageous Elflects of Invention

By being polymerized, the composition used in the inven-
tion gives a monolayer film which includes the crosslinked
resin having a surface enriched with hydrophilic groups. The
monolayer film has excellent hydrophilicity and transpar-
ency, and may be used as a material with excellent properties
such as antifogging properties and antifouling properties.

BRIEF DESCRIPTION OF DRAWING

FIG. 1 1s a schematic view 1illustrating a method of
preparing a sample for the measurement of the gradient of

anion concentration (Sa/Da) in Examples.

DESCRIPTION OF EMBODIMENTS

The composition used 1n the production of the mventive
monolayer films 1ncludes the compound (I) and the com-

pound (II) described below.
|[Compounds (I)]

The compound (I) has an anionic hydrophilic group and
a functional group with a polymerizable carbon-carbon
double bond. By virtue of the incorporation of such a
compound having an anionic hydrophilic group and a tunc-
tional group with a carbon-carbon double bond, hydrophi-
licity can be imparted to a monolayer film which includes
the crosslinked resin obtained by the polymerization of the
composition.

Examples of the anionic hydrophilic groups include sul-
fonate groups, carboxyl groups, phosphate groups, O-sulfate
groups (—0O—S0;7) and N-sulfate groups (—NH—SO,7).
Of the anionic hydrophilic groups, sulfonate groups, car-
boxyl groups and phosphate groups are preferable, and
sulfonate groups are more preferable.

The compound (I) has at least one anionic hydrophilic
group. The anionic hydrophilic group may be present in the
form of an acid formed by the bonding between the anion
and a hydrogen 1on, or 1n the form of a salt formed by the
bonding between the anion and a counter cation other than
a hydrogen 1on.

Thus, the sulfonate group, the carboxyl group, the phos-
phate group, the O-sulfate group and the N-sulfate group
may be typically present in the compound (I) in the form of
(), (p), (vy1)or(v2), (0) and (¢), respectively, represented by
the following formulas:

— 50,7 (o)

— COOZ (B)
—_OP—0(0Z), (v1)

(—0),P=0(0Z), (Y2)

0—S0,7Z (0)

— NH—S0.7Z (€)

In the formulas (a) to (g), Z 1s at least one monovalent
cation selected from hydrogen 1ons, ammonium 1ons, alkali
metal 10ons, and alkaline earth metals having 2 atomic
valence. In the invention, the ammonium 1on 1s a cation
resulting from the bonding of a hydrogen 1on to ammonaia,
a primary amine, a secondary amine or a tertiary amine.
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From the point of view of hydrophilicity, the ammonium
ion 1s preferably a cation in which a hydrogen 10n 1s bonded
to ammonia or an amine having a small number of carbon
atoms, and 1s more preferably an ammonium 1on formed by
the bonding of a hydrogen 1on to ammonia, or methylam-
monium.

Examples of the alkali metals include lithium, sodium,
potassium and rubidium.

Examples of the alkaline earth metals include beryllium,
magnesium, calcium, stronttum and barium.

Of the amionic hydrophilic groups, those i the form of a
salt (1n which a counter cation other than a hydrogen 1on 1s
bonded) tend to be more preferable because the obtainable
monolayer film attains hydrophilicity more ethiciently.

When the anmionic hydrophilic group 1s represented by any
of the above formulas (a) to (g), Z 1s preferably an ammo-
nium 1on, an alkali metal 1on or an alkaline earth metal 10n
having 2 atomic valence, more preferably an alkali metal
ion, and still more preferably a sodium 10n, a potassium 1on
or a rubidium 1on.

When the anionic group 1s other than the sulfonate group,
the O-sulfate group and the N-sulfate group, typically, when
the anionic group 1s the carboxyl group or the phosphate
group, hydrophilicity may not be obtained efliciently at
times unless the group 1s 1n the form of a salt.

The compound (I) further has at least one functional
group with a polymerizable carbon-carbon double bond. The
functional groups with a polymernzable carbon-carbon
double bond are not particularly limited as long as the
functional groups can undergo radical polymerization or 10on
polymerization. Examples include acryloyl group, meth-
acryloyl group, allyl group, methallyl group, vinyl group,
isopropenyl group, maleyl group (—CO—CH—CH—
CO—), ttaconyl group, styryl group, a-methyl-styryl group,
and groups including these groups.

Examples of the acryloyl groups include acryloyloxy
group, acryloylthio group and acrylamide group. Examples
of the methacryloyl groups include methacryloyloxy group,
methacryloylthio group and methacrylamide group.

In the following, the acryloyl and the methacryloyl are
sometimes collectively referred to as (meth)acryloyl, the
acryloyloxy and the methacryloyloxy as (meth)acryloyloxy,
the acryloylthio and the methacryloylthio as (meth)acryloyl-
thio, the acrylamide and the methacrylamide as (meth)
acrylamide, and the allyl group and the methallyl group as
(meth)allyl group.

Of the compounds (I), those compounds represented by
the general formula (100) below are preferable.

(100)

{A fﬂlz 1 CD}H]S

In the formula (100), A 1s a C,_,,, organic group having
1 to 5 functional groups with a polymerizable carbon-carbon
double bond; CD 1s a group which includes at least one
hydrophilic group selected from those groups represented by
the general formulas (101) to (106) below; n,, indicates the
number of As bonded to CD and 1s 1 or 2; and n, - indicates
the number of CDs bonded to A and 1s an 1integer of 1 to 5.
The functional groups with a polymerizable carbon-carbon
double bond are as described hereinabove.
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S 0
101 106
O 100 0O (106)
#1 l! OM
O
[ S #—X X
0 \
ZRY
In the formula (101), M 1s a hydrogen atom, an alkali
metal, an alkaline earth metal having 2 atomic valence or an o In the formula (106), X is —O—, —S—, —NH— or

ammonium 1on; and #1 indicates a hand bonded to a carbon
atom present in A 1n the formula (100).

(102)

—NCH,—; M 1s a hydrogen atom, an alkali metal, an
alkaline earth metal having 2 atomic valence or an ammo-
nium 1on; and #1 indicates a hand bonded to a carbon atom
present 1n A 1n the formula (100).

In the general formulas (101) to (106), the definitions,

OM 1> specific examples and preferred embodiments of the ammo-

PR I" OM nium 1ons, the alkali metals and the alkaline earth metals are
| the same as described heremmabove with respect to the
O formulas (o) to (g).

In the formula (102), M at each occurrence 1s a hydrogen

atom, an alkali metal, an alkaline earth metal having %
atomic valence or an ammonium 1on; and #1 indicates a

hand bonded to a carbon atom present 1n A 1n the formula

(100).

20

Of the groups represented by the general formulas (101)
to (106), those groups represented by the general formulas
(101) to (104) are preferable, and those groups represented
by the general formula (101) are more preferable.

In the general formula (100), A 1s preferably a functional
group with at least one polymerizable carbon-carbon double
bond selected from the general formulas (121) to (125)

25
below.
(103)
#1\0 (121)
T
O é OM ” 4¢¢1 /bn\\
#H2
J
o \rz/ﬂ[)lﬂ
In the formula (103), M 1s a hydrogen atom, an alkali ;s

metal, an alkaline earth metal having 12 atomic valence or an
ammonium 1on; and #1 at each occurrence indicates a hand

bonded to a carbon atom present 1n A 1n the formula (100).

40

In the formula (121), r represents a hydrogen atom or a
methyl group; r, and r, each independently represent a
hydrogen atom, a methyl group, an ethyl group or a hydroxyl
group; Ny, o 1s an mteger of 0 to 10; and #2 indicates a hand

bonded to #1 present 1n at least one group selected from

(104) those groups represented by the general formulas (101) to
#]—C —OM
“ (106).
O
. .45 (122)
In the formula (104), M 1s a hydrogen atom, an alkali I / rl\
metal, an alkaline earth metal having %2 atomic valence, an
ammonium 1on or an amine 1on; and #1 indicates a hand ‘ — )
: : 15
bonded to a carbon atom present 1n A in the formula (100). \ Iy /ﬂm N~
50 05
(105)
MO O 7 In the formula (122), r represents a hydrogen atom or a
. methyl group; r, and r, each independently represent a
OM hydrogen atom, a methyl group, an ethyl group or a hydroxyl
#1—X 2> group; Ny, 1s an integer of 0 to 10; n,5 is an integer of 0 to

05

In the formula (105), r. and r, each independently repre-
sent a hydrogen atom, a methyl group, an ethyl group or a
hydroxyl group; N,s 1S an 111teger of 0 to 5; X 15 —O—,

"-J .

NI

H— or —NCH,—; Mat each occurrence 1s a

60

5; 1, 1s an mteger of 1 to 5; and #2 indicates a hand bonded
to #1 present 1n at least one group selected from those groups
represented by the general formulas (101) to (106).

(123)

I‘l\/#2

hydrogen atom, an alkali metal an alkaline earth metal
having %2 atomic valence or an ammonium 1on; and #]
indicates a hand bonded to a carbon atom present in A 1n the

formula (100).

65
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In the formula (123), r, and r, each independently repre-
sent a hydrogen atom, a methyl group, an ethyl group or a
hydroxyl group; and #2 at each occurrence 1indicates a hand
bonded to #1 present 1n at least one group selected from
those groups represented by the general formulas (101) to

(106).

(124)
rl #2

#2

In the formula (124), r, represents a hydrogen atom, a
methyl group, an ethyl group or a hydroxyl group; and #2 at
cach occurrence indicates a hand bonded to #1 present 1n at

least one group selected from those groups represented by
the general formulas (101) to (106).

.
A
o

In the formula (125), X 1s —O—, —S—, —NH— or

—NCH,;—; r and rO each independently represent a hydro-
gen atom or a methyl group; r and r, each independently
represent a hydrogen atom, a methyl group, an ethyl group
or a hydroxyl group; R, , represents a hydrogen atom, aC, _,
alkyl group, a C,_,, cycloalkyl group, a phenyl group, a
benzyl group, a hydroxyl group, hydroxymethyl or hydroxy-
cthyl; n,, represents 0 or 1; n,,, 1s an 1nteger of 1 to 10; and
#2 1ndicates a hand bonded to #1 present in at least one
group selected from those groups represented by the general
formulas (101) to (106).

Of the compounds (I) having an anionic hydrophilic
group, those compounds represented by the general formu-
las (Ia) to (Ib) and (Ih) to (Ij) below are more preferable.

(125)

(la)

I

\
),

In the formula (Ia), r represents a hydrogen atom or a
methyl group; r, and r, each independently represent a
hydrogen atom, a methyl group, an ethyl group or a hydroxyl
group; and m1 1s an integer of 0 to 10.

In the formula (Ia), M represents a hydrogen 1on, an
ammonium ion, an alkali metal 10n or an alkaline earth metal
ion having Y2 atomic valence. In particular, an ammonium
ion, an alkali metal 10n or an alkaline earth metal 10n having
I/ atomic valence 1s preferable, and an alkali metal 10on 1s
more preferable.
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8

Examples of the compounds represented by the general
formula (Ia) include vinylsulfonic acid, lithtum vinylsul-

fonate, sodium vinylsulfonate, potasstum vinylsulionate,
rubidium vinylsulfonate, ammonium vinylsulfonate, mag-
nesium vinylsulfonate, calcium vinylsulfonate, 1sopropenyl-
sulfonic acid, lithium 1sopropenylsulionate, sodium 1sopro-
penylsulionate, potassium isopropenylsulionate, rubidium
isopropenylsulionate, ammonium isopropenylsulionate,
magnesium 1sopropenylsulionate, calcium isopropenylsul-
fonate, (meth)allylsulfonic acid, lithum (meth)allylsul-
fonate, sodium (meth)allylsulfonate, potassium (meth)allyl-
sulfonate, rubidium (meth)allylsulfonate, ammonium (meth)
allylsulfonate, magnesium (meth)allylsulionate, calcium
(meth)allylsulfonate, 5,6-hexenyl-1-sulfonic acid, lithium
5,6-hexenyl-1-sulfonate, sodium 5,6-hexenyl-1-sulfonate,
potassium 3,6-hexenyl-1-sulfonate, rubidium 5,6-hexenyl-
1-sulfonate, ammonium 3,6-hexenyl-1-sulfonate, magne-
sium 5,6-hexenyl-1-sulfonate and calcium 5,6-hexenyl-1-
sulfonate.

(Ib)

\

w2
el

In the formula (Ib), r represents a hydrogen atom or a
methyl group; r, and r, each independently represent a
hydrogen atom, a methyl group, an ethyl group or a hydroxyl
group; ml 1s an mteger of O to 10; m2 1s an integer of O to
5; and n0 1s an mnteger of 1 to 5.

In the formula (Ib), M represents a hydrogen ion, an
ammonium ion, an alkali metal 1on or an alkaline earth metal
ion having 2 atomic valence. In particular, an ammonium
ion, an alkali metal 10n or an alkaline earth metal 10n having
I/ atomic valence 1s preferable, and an alkali metal 1on 1s
more preferable.

Examples of the compounds represented by the general
formula (Ib) include styrenesulfonic acid, lithium styrene-
sulfonate, sodium styrenesulfonate, potassium styrenesul-
fonate, rubidium styrenesulfonate, ammonium styrenesul-
fonate, magnesium styrenesulionate, calcium
styrenesulfonate, o-methyl-styrenesulfonic acid, lithium
a-methyl-styrenesulfonate, sodium a-methyl-styrenesul-
fonate, potassium «a-methyl-styrenesulfonate, rubidium
a-methyl-styrenesulfonate, ammonium a-methyl-styrene-
sulfonate, magnesium ca-methyl-styrenesulfonate, calcium
a-methyl-styrenesulfonate,  allylbenzenesulfonic  acid,
lithium allylbenzenesulfonate, sodium allylbenzenesul-
fonate, potassium allylbenzenesulifonate, rubidium allylben-
zenesulfonate, ammonium allylbenzenesulionate, magne-
sium allylbenzenesulionate, calcium allylbenzenesulionate,
methallylbenzenesulifonic acid, lithium methallylbenzene-
sulfonate, sodium methallylbenzenesulifonate, potassium
methallylbenzenesulionate, rubidium methallylbenzenesul-
fonate, ammonium methallylbenzenesulfonate, magnesium
methallylbenzenesulionate, calcium methallylbenzenesul-
fonate, vinylnaphthalenesulfonic acid, lithium vinylnaph-
thalenesulionate, sodium vinylnaphthalenesulifonate, potas-
s1UIm vinylnaphthalenesulfonate, rubidium
vinylnaphthalenesulfonate, ammonium vinylnaphthalene-
sulfonate, magnesium vinylnaphthalenesulfonate, calcium
vinylnaphthalenesulfonate, 1sopropenylnaphthalenesulionic
acid, lithium 1sopropenylnaphthalenesulfonate, sodium 1so-
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propenylnaphthalenesulionate, potassium 1sopropenylnaph-
thalenesulfonate, rubidium isopropenylnaphthalenesul-
fonate, @ ammonium  1sopropenylnaphthalenesulifonate,
magnesium 1sopropenylnaphthalenesulionate, calcium 1so-
propenylnaphthalenesulionate, allylnaphthalenesulfonic
acid, lithium allylnaphthalenesulfonate, sodium allylnaph-
thalenesulionate, potassium  allylnaphthalenesulfonate,
rubidium allylnaphthalenesulionate, ammomium allylnaph-
thalenesulfonate, magnestum allylnaphthalenesulfonate,
calctum allylnaphthalenesulfonate, methallylnaphthalene-
sulfonic acid, lithhum methallylnaphthalenesulifonate,
sodium methallylnaphthalenesulionate, potasstum methally-
Inaphthalenesulifonate, rubidium methallylnaphthalenesul-
fonate, ammonium methallylnaphthalenesulfonate, magne-
s1Um methallylnaphthalenesulionate, calcium
methallylnaphthalenesulionate, vinylanthracenesulionic
acid, lithium vinylanthracenesulfonate, sodium vinylanthra-
cenesulfonate, potassium vinylanthracenesulfonate,
rubidium vinylanthracenesulfonate, ammonium vinylan-
thracenesulfonate, magnesium vinylanthracenesulionate,
calcium vinylanthracenesulionate, 1sopropenylanthracene-
sulfonic acid, Iithium 1sopropenylanthracenesulionate,
sodium 1sopropenylanthracenesulionate, potassium 1sopro-
penylanthracenesulfonate, rubidium 1sopropenylanthracene-
sulfonate, ammonium 1sopropenylanthracenesulionate,
magnesium 1sopropenylanthracenesulionate, calcium 1so-
propenylanthracenesulionate, allylanthracenesulifonic acid,
lithium allylanthracenesulifonate, sodium allylanthracene-
sulfonate, potassium allylanthracenesulfonate, rubidium
allylanthracenesulfonate, ammomum allylanthracenesul-
fonate, magnesium allylanthracenesulfonate, calcium ally-
lanthracenesulionate, methallylanthracenesulfonic acid,
lithium methallylanthracenesulfonate, sodium methallylan-
thracenesulionate, potassium methallylanthracenesulionate,
rubidium methallylanthracenesulfonate, ammonium methal-
lylanthracenesulifonate, magnesium methallylanthracenesul-
fonate, calcium methallylanthracenesulionate, vinylphenan-
threnesulfonic acid, lithium vinylphenanthrenesulfonate,
sodium  vinylphenanthrenesulfonate, potassium vinyl-
phenanthrenesulfonate, rubidium vinylphenanthrenesul-
fonate, ammonium vinylphenanthrenesulionate, magnesium
vinylphenanthrenesulfonate, calcium vinylphenanthrenesul-
fonate, 1sopropenylphenanthrenesulionic acid, lithium 1so-
propenylphenanthrenesulionate, sodium  1sopropenyl-
phenanthrenesulionate, potassium
1sopropenylphenanthrenesulfonate, rubidium 1sopropenyl-
phenanthrenesulionate, ammonium 1sopropenylphenanthre-
nesulfonate, magnesium isopropenylphenanthrenesulfonate,
calcium 1sopropenylphenanthrenesulfonate, allylphenan-
threnesulfonic acid, lithrum allylphenanthrenesulfonate,
sodium allylphenanthrenesulionate, potassium allylphenan-
threnesulfonate, rubidium  allylphenanthrenesulfonate,
ammonium allylphenanthrenesulfonate, magnesium allyl-
phenanthrenesulfonate, calctum allylphenanthrenesulionate,
methallylphenanthrenesulionic acid, lithium methallyl-
phenanthrenesulfonate, sodium methallylphenanthrenesul-
fonate, potassium methallylphenanthrenesulfonate,
rubidium  methallylphenanthrenesulionate, ammonium
methallylphenanthrenesulfonate, magnestum methallyl-
phenanthrenesulionate, calcium methallylphenanthrenesul-
fonate, styrenedisulfonic acid, dilithium styrenedisulionate,
disodium styrenedisulionate, dipotassium styrenedisul-
fonate, dirubidium styrenedisulionate, diammonium sty-
renedisulfonate, magnesium styrenedisulionate, calcium
styrenedisulionate, isopropenylbenzenedisulionic  acid,
lithium 1sopropenylbenzenedisulionate, sodium 1soprope-
nylbenzenedisulfonate, potassium 1sopropenylbenzenedisul-
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fonate, rubidium isopropenylbenzenedisulionate, ammo-
nium 1sopropenylbenzenedisulionate, magnesium
1sopropenylbenzenedisulionate, calcium 1sopropenylben-
zenedisulfonate, vinylnaphthalenetrisulifonic acid, trilithium
vinylnaphthalenetrisulfonate, trisodium vinylnaphthalen-
ctrisulfonate, tripotassium vinylnaphthalenetrisulionate,
trirubidium  vinylnaphthalenetrisulionate, triammonium
vinylnaphthalenetrisulfonate, magnesium vinylnaphthalen-
etrisulfonate, calcium vinylnaphthalenetrisulfonate, 1sopro-
penylnaphthalenetrisulionic acid, dilithium 1sopropenyl-
naphthalenetrisulionate, disodium
1sopropenylnaphthalenetrisulfonate, dipotassium isoprope-
nylnaphthalenetrisulionate, dirubidium 1sopropenylnaphtha-
lenetrisulfonate, diammonium  1sopropenylnaphthalen-
ctrisulfonate, magnesium
1sopropenylnaphthalenetrisulfonate and calcium 1soprope-
nylnaphthalenetrisulionate.

(1h)
OM,

OM,

In the formula (Ih), M, and M, each independently rep-
resent a hydrogen 10n, an ammonium 1on, an alkali metal 10n
or an alkaline earth metal 10n having 4 atomic valence. In
particular, an ammonium 1on, an alkali metal ion or an
alkaline earth metal 1on having 4 atomic valence 1s pret-
erable, and an alkali metal 10n 1s more preferable.

Examples of the compounds represented by the general
formula (Ih) include maleic acid, lithium maleate, dilithium
maleate, sodium maleate, disodium maleate, potassium
maleate, dipotassium maleate, ammonium maleate, diam-
monium maleate, magnesium maleate and calcium maleate.

(I1)
OM,

OM,

In the formula (I1), M; and M, each independently rep-
resent a hydrogen 1on, an ammonium 10n, an alkali metal 10n
or an alkaline earth metal 10n having 4 atomic valence. In
particular, an ammonium 1on, an alkali metal 1on or an
alkaline earth metal 1on having %% atomic valence 1s pret-
erable, and an alkali metal 10n 1s more preferable.

Examples of the compounds represented by the general
formula (I1) mclude itacomic acid, lithium 1taconate, dil-
ithium 1taconate, sodium itaconate, disodium 1taconate,
potassium 1taconate, dipotassium itaconate, ammonium
itaconate, diammonium 1taconate, magnesium 1taconate and
calcium itaconate.
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(1)

O
2 O

Ry o)l\ M
O

0

In the formula (Iy), r independently at each occurrence
represents a hydrogen atom or a methyl group; and R,
represents a hydrogen atom, a C,_,, alkyl group, a C,_,,
cycloalkyl group, a phenyl group, a benzyl group, a
hydroxyl group, hydroxymethyl or hydroxyethyl.

In the formula (I}), M represents a hydrogen 1on, an
ammonium ion, an alkali metal 10n or an alkaline earth metal
ion having 1~ atomic valence. In particular, an ammonium
ion, an alkali metal 10n or an alkaline earth metal 10n having
L5 atomic valence 1s preferable, and an alkali metal 1on 1s
more preferable.

Examples of the compounds represented by the general
formula (Ij) include 2,2-bis{(meth)acryloyloxyethyl}acetic

acid, sodium 2,2-bis{(meth)acryloyloxyethyl}acetate salt,
potassium  2,2-bis{(meth)acryloyloxyethyl acetate sallt,
rubidium  2,2-bis{(meth)acryloyloxyethyl}acetate  salt,
ammonium 2,2-bis{(meth)acryloyloxyethyl}acetate salt,

calcium 2,2-bis{(meth)acryloyloxyethyl}acetate salt, mag-
nesium 2,2-bis{(meth)acryloyloxyethyl}acetate salt, 2,2-
bis{(meth)acryloyloxyethyl}propionic acid, sodium 2,2-
bis{(meth)acryloyloxyethyl}propionate salt, potassium 2,2-
bis{(meth)acryloyloxyethyl}propionate salt, rubidium 2,2-
bis{(meth)acryloyloxyethyl}propionate salt, ammonium
2,2-bis{ (meth)acryloyloxyethyl}propionate salt, calcium
2,2-bis{ (meth)acryloyloxyethyl}propionate salt, magne-
sium 2,2-bis{(meth)acryloyloxyethyl } propionate salt, 2,2-
bis{(meth)acryloyloxyethyl}butyric acid, sodium 2,2-bis{
(meth)acryloyloxyethyl }butyrate salt, potassium 2,2-bis{
(meth)acryloyloxyethyl}butyrate salt, rubidium 2,2-bis{
(meth)acryloyloxyethyl }butyrate salt, ammonium 2,2-bis{
(meth)acryloyloxyethyl }butyrate salt, calcium 2,2-bis{
(meth)acryloyloxyethyl }butyrate salt, magnesium 2,2-bis{
(meth)acryloyloxyethyl}butyrate  salt,  2,2-bis{(meth)
acryloyloxyethyl}valeric acid, sodium 2,2-bis{(meth)
acryloyloxyethyl }valerate salt, potassium 2,2-bis{(meth)
acryloyloxyethyl }valerate salt, rubidium 2,2-bis{(meth)
acryloyloxyethyl }valerate salt, ammonium 2,2-bis{(meth)
acryloyloxyethyl}valerate salt, calcium 2,2-bis{(meth)
acryloyloxyethyl}valerate salt and magnesium 2,2-bis{
(meth)acryloyloxyethyl }valerate salt.

In the general formulas (Ia) to (Ib) and (Ih) to (Ij), the
definitions, specific examples and preferred embodiments of
the ammonium 1ons, the alkali metals and the alkaline earth
metals are the same as described hereinabove with respect to
the formulas (a) to (g).

Of the compounds represented by the general formulas
(Ia) to (Ib) and (Ih) to (I1), and those compounds represented
by the general formulas (Ia) to (Ib) are more preferable.
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The molecular weight of the compounds (1) 1s usually 72
to 18,000, preferably 72 to 3,000, and more preferably 72 to
1,000.

The compounds (I) may be used singly, or two or more
may be used in combination.

The composition used to produce the monolayer films of
the invention contains the compound (1) described above. At
least some of the molecules of the compound (I) may be
reacted to form an oligomer in the composition. Here, the
oligomer usually contains 2 to 20 repeating units derived
from the compound (I).

The compounds (I) may be produced by a known method
or a method that 1s deemed as known. Alternatively, the
compounds (I) may be purchased from the market.

|[Compounds (II)]

The compound (I1I) has three or more hydroxyl groups and
two or more, or preferably three or more functional groups
having a polymerizable carbon-carbon double bond. The

[

compound (II) has no anionic hydrophilic groups and diflers

from the compound (I). As a result of the incorporation of
such a compound, the composition can give, upon polym-

erization, a monolayer film including the sufliciently cross-
linked resin. Examples of the functional groups with a
polymerizable carbon-carbon double bond include those
groups mentioned hereinabove as the functional groups with
a polymerizable carbon-carbon double bond that are present
in the compounds (I). As the functional groups having a
polymerizable carbon-carbon double bond, (meth)acryloyl
groups, vinyl groups, (meth)allyl groups, styryl groups and
1sopropenyl groups are preferable, (meth)acryloyl groups,
(meth)allyl groups and styryl groups are more preferable,
and (meth)acryloyl groups are still more preferable.

As mentioned 1 the section of the compounds (1),
examples of the (meth)acryloyl groups include (meth)acry-
loyloxy group, (meth)acryloylthio group and (meth)acryl-
amide group. Of these, (meth)acryloyloxy group and (meth)
acryloylthio group are preferable.

As the compounds (II), those compounds represented by
the general formula (200) below are preferable.

(200)

_ 5 —

_ — r D
/ T4 \ I
Me——— X{\‘/\O
I3 / Iy OH Ir

- - Mo10

_ - < 1930 - 900

In the formula (200), Mc indicates at least one group
selected from those groups represented by the general for-
mulas (201) to (209) below, and forms the main skeleton of

the compound (II) represented by the formula (200).

In the formula (200), X 1s —O—, —S—, —NH— or
—NCH,—; r 1s a hydrogen atom or a methyl group; r, tor,
cach independently represent a hydrogen atom, a methyl
group, an ethyl group or a hydroxyl group; m,,, 1s an integer
of 0 to 10; n,;, 15 an integer of 0 to 30; and n,,, 1s an 1teger
of 2 to 20 or preferably an integer of 3 to 20.
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(201)

In the formula (201), m,,, 1s an mteger of 1 to 10; N,

1s an integer of 1 to 10; #3 at each occurrence indicates a

hydrogen atom or a hand bonded to a carbon atom present
in the group represented by the formula (200); R; and R
cach independently represent a hydrogen atom, a hydroxyl
group, —O-#3, —CH,OH, —CH,O—#3 or a C,_, alkyl

group; when m,,, 1s 2 or greater, R.s and R.s each may be

the same as or different from one another; when m, 5 1s 2 or

greater, #3s may be the same as or different from one
another; and there are the same number of hands #3 bonded
to a carbon atom present 1n the group represented by the
tormula (200) as the number indicated by n,,, 1n the formula
(200). Preferably, R. and R, are such that R. represents
O-#3 or —CH,O—+#3 and R represents a hydrogen atom,

a hydroxyl group, —O-#3, —CH,OH, —CH,O—#3 or a
C, . alkyl group.

(202)

#3

Re
110

In the formula (202), m,,, 1s an mteger of 1 to 10; N,
1s an integer of 1 to 10; #3 at each occurrence indicates a
hydrogen atom or a hand bonded to a carbon atom present
in the group represented by the formula (200); R, and R
cach independently represent a hydrogen atom, a hydroxyl
group, —O-#3, —CH,OH, —CH,O—#3 or a C,_, alkyl
group; when m,,, 1s 2 or greater, R.s and R, s each may be
the same as or different {from one another; when m,,, 1s 2 or
greater, #3s may be the same as or different from one
another; and there are the same number of hands #3 bonded
to a carbon atom present 1n the group represented by the
tormula (200) as the number indicated by n,,, 1n the formula
(200). Preferably, R. and R, are such that R represents
O-#3 or—CH,O—#3 and R represents a hydrogen atom,
a hydroxyl group, —O-#3, —CH,OH, —CH,O—#3 or a
C,_, alkyl group.

(203)
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In the formula (203), m,,, 1s an mteger of 1 to 10; #3 at
cach occurrence indicates a hydrogen atom or a hand bonded
to a carbon atom present in the group represented by the
formula (200); R; and R, each independently represent a
hydrogen atom, a hydroxyl group, —O-#3, —CH,OH,
—CH,O—#3 or a C,_, alkyl group; when m,,, 1s 2 or

greater, R.s and R, s each may be the same as or di

Terent

from one another; when m,,, 1s 2 or greater, #3s may be the
same as or different from one another; and there are the same
number of hands #3 bonded to a carbon atom present in the
group represented by the formula (200) as the number
indicated by n,,, 1n the formula (200). Preferably, R and R,
are such that R represents —O-#3 or —CH,O—#3 and R,

represents a hydrogen atom, a hydroxyl group, —O-#3,
—CH,OH, —CH,O—#3 or a C,_, alkyl group.
(204)
#3
\O
3#
#3 X
oA I

In the formula (204), n,; 1s an mteger of O to 3; n,< 1s an
integer of O to 5; #3 at each occurrence 1indicates a hydrogen
atom or a hand bonded to a carbon atom present 1n the group
represented by the formula (200); X, and X, each indepen-
dently represent —CH,—, —CH(OH)—, —CH(—O-#3)-
or —CO—; when n,; 1s 2 or greater, X;s may be the same
as or diflerent from one another; when n. . 1s 2 or greater, X,s
may be the same as or diflerent from one another; the
cycloalkylether ring in the formula (204) may have one or
more carbon-carbon double bonds 1n place of a carbon-
carbon bond; and there are the same number of hands #3
bonded to a carbon atom present 1n the group represented by

the formula (200) as the number indicated by n,,, 1 the
formula (200).

(205)

In the formula (205), #3 at each occurrence indicates a
hydrogen atom or a hand bonded to a carbon atom present
in the group represented by the formula (200); and there are
the same number of hands #3 bonded to a carbon atom
present in the group represented by the formula (200) as the
number indicated by n,,, 1n the formula (200).
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(206)
#3
\
#3—O O
2 P O
O N
O
O
O O
#3/ \ O \
#3
/
O
#3 AN i

In the formula (206), #3 at each occurrence indicates a
hydrogen atom or a hand bonded to a carbon atom present
in the group represented by the formula (200); and there are

the same number of hands #3 bonded to a carbon atom
present in the group represented by the formula (200) as the

number 1ndicated by n,,, 1n the formula (200).

(207)
#3 O—1#3
/
#3 O O
% N .
\
O 43
O 0O O
/ /
13 #3
O O
\ \
43 #3

In the formula (207), #3 at each occurrence indicates a
hydrogen atom or a hand bonded to a carbon atom present
in the group represented by the formula (200); and there are

the same number of hands #3 bonded to a carbon atom
present 1n the group represented by the formula (200) as the

number indicated by n,,, 1n the formula (200).
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(208)
#3
; #\ 0 O
O
0O 0
i
O 0—#3

In the formula (208), #3 at each occurrence indicates a
hydrogen atom or a hand bonded to a carbon atom present
in the group represented by the formula (200); and there are
the same number of hands #3 bonded to a carbon atom
present 1n the group represented by the formula (200) as the
number indicated by n,,, 1n the formula (200).

(200)

In the formula (209), R, 1s a hydrogen atom, a C, _, , alkyl
group, a C,_,, cycloalkyl group, a phenyl group, a benzyl
group, a hydroxyl group, a hydroxymethyl group or a

hydroxyethyl group; #3 at each occurrence indicates a

hydrogen atom or a hand bonded to a carbon atom present
in the group represented by the formula (200); and there are
the same number of hands #3 bonded to a carbon atom
present 1n the group represented by the formula (200) as the
number 1ndicated by n,,, 1n the formula (200).

Of the compounds (II), those compounds represented by
the general formulas (IIb) to (I11) below are preferable.

(ITb)

OH

110
o/\‘/\o

OH OH R,

HO10
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In the formula (IIb), R,, R, and R; each independently

represent a hydrogen atom or a methyl group.

In the formula (IIb), m,,, 1s an mteger of 0 to 10; n,,, 18
an mteger of 1 to 10; and m,,,+n,;,,=1 to 10. Preferably,
m,, 18 an teger of O to 6, and more preferably an integer
of O to 4. Preferably, n,,, 1s an mteger of 1 to 6, and more
preferably an integer of 1 to 4.

In the formula (IIb), N, , indicates 1 or 2. Preferably, N,
indicates 1.

Examples of the compounds represented by the general
formula (IIb) include erythritol-tri{3-(meth)acryloyloxy-2-
hydroxypropyl }ether, erythritol-tetra{3-(meth)acryloyloxy-
2-hydroxypropyl }ether xylitol-tri{3-(meth)acryloyloxy-2-

hydroxypropyl }ether, xylitol-tetra{3-(meth)acryloyloxy-2-
hydroxypropyl }ether, xylitol-penta{3-(meth)acryloyloxy-2-

hydroxypropyl }ether, arabitol-tri{3-(meth)acryloyloxy-2-

hydroxypropyl }ether, arabitol-tetra{3-(meth)acryloyloxy-2-

hydroxypropyl }ether, arabitol-penta{3-(meth)acryloyloxy-
2-hydroxypropyl }ether, ribitol-tri{3-(meth)acryloyloxy-2-
hydroxypropyl }ether, ribitol-tetral3-(meth)acryloyloxy-2-
hydroxypropyl }ether, ribitol-penta{3-(meth)acryloyloxy-2-

hydroxypropyl }ether, galactitol-tri{3-(meth)acryloyloxy-2-

hydroxypropyl }ether, galactitol-tetra{3-(meth)acryloyloxy-
2-hydroxypropyl }ether, galactitol-penta{3-(meth)
acryloyloxy-2-hydroxypropyl }ether, galactitol-hexa{3-

(meth)acryloyloxy-2-hydroxypropyl }ether, mannitol-tri{3-

(meth)acryloyloxy-2-hydroxypropyl }ether, mannitol-
tetra{3-(meth)acryloyloxy-2-hydroxypropyl }ether,
mannitol-penta{3-(meth)acryloyloxy-2-

hydroxypropyl }ether, mannitol-hexa{3-(meth)acryloyloxy-

2-hydroxypropyl }ether, sorbitol-tri{3-(meth)acryloyloxy-2-

hydroxypropyl }ether, sorbitol-tetral3-(meth)acryloyloxy-2-

hydroxypropyl }ether, sorbitol-penta{3-(meth)acryloyloxy-

2-hydroxypropyl }ether and sorbitol-hexa{3-(meth)

acryloyloxy-2-hydroxypropyl }ether.

OH
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In the formula (IIc), R,, R, and R, each independently

represent a hydrogen atom or a methyl group.

In the formula (IIc), m,,, 1s an mteger of 0 to 10; n,,, 1s
an integer of 1 to 10; and m,,,+n,,,=1 to 10. Preterably, n, ,,
1s an integer of 0 to 6, and more preferably an integer of 0
to 4.

In the formula (IIc), N, , indicates 1 or 2. Preferably, N, ,
indicates 1.

Examples of the compounds represented by the general

formula (IIc) include glyceric acid-di{3-(meth)acryloyloxy-
2-hydroxypropyl }ether-{3-(meth)acryloyloxy-2-
hydroxypropyl}ester, threonic acid-di{3-(meth)acryloy-
loxy-2-hydroxypropyl }ether-{3-(meth)acryloyloxy-2-
acid-tri{3-(meth)
acryloyloxy-2-hydroxypropyl }ether-{3-(meth)acryloyloxy-
acid-di{3-(meth)
acryloyloxy-2-hydroxypropyl }ether-{3-(meth)acryloyloxy-
acid-tri{3-(meth)
acryloyloxy-2-hydroxypropyl }ether-{3-(meth)acryloyloxy-
acid-tetra{3-(meth)
acryloyloxy-2-hydroxypropyl }ether-{3-(meth)acryloyloxy-
acid-penta{3-(meth)

hydroxypropyl}ester, threonic

2-hydroxypropyl}  ester, gluconic

2-hydroxypropyl }ester, gluconic

2-hydroxypropyl}ester,  gluconic

2-hydroxypropyl} ester, gluconic
acryloyloxy-2-hydroxypropyl }ether-{3-(meth)acryloyloxy-
2-hydroxypropyl} ester, glucoheptanoic acid-di{3-(meth)
acryloyloxy-2-hydroxypropyl }ether-{3-(meth)acryloyloxy-
2-hydroxypropyl} ester, glucoheptanoic acid-tri{3-(meth)
acryloyloxy-2-hydroxypropyl }ether-{3-(meth)acryloyloxy-
2-hydroxypropyl} ester, glucoheptanoic acid-tetra{3-(meth)
acryloyloxy-2-hydroxypropyl }ether-{3-(meth)acryloyloxy-
2-hydroxypropyl} ester, glucoheptanoic acid-pentad3-
(meth)acryloyloxy-2-hydroxypropyl }ether-{3-(meth)

acryloyloxy-2-hydroxypropyl} ester and glucoheptanoic
acid-hexa{3-(meth)acryloyloxy-2-hydroxypropyl}ether-{3-

(meth)acryloyloxy-2-hydroxypropyl} ester.

ue

110
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OH

oo
110

In the formula (11d), m,, 1s an integer of 0 to 9; m,,, 1s an
integer of O to 10; n,,, 1s an mteger of 1 to 10; myo+my o+
n,,,=1 to 10; and m,,,+n,,,=1 to 10. Preterably, n,,, 1s an
integer of 1 to 6, and more preferably an integer of 1 to 4.
Preferably, m,, 15 an integer of 0 to 6, and more preferably
an integer of O to 4. Preferably, m,,, 1s an integer of O to 6,
and more preferably an mteger of 0 to 4.

In the formula (1Id), N, , indicates 1 or 2. Preferably, N,
indicates 1.

In the formula (IId), R, R, R; and R, each independently
represent a hydrogen atom or a methyl group. When m,,, 1s
2 or greater, R, s may be the same as or different from one
another.

Examples of the compounds represented by the general
formula (IId) include malic acid-mono{3-(meth)acryloy-
loxy-2-hydroxypropyl }ether-di{3-(meth)acryloyloxy-2-hy-
droxypropyl} ester, tartaric acid-mono{3-(meth)acryloy-
loxy-2-hydroxypropyl } ether-di{3-(meth)acryloyloxy-2-
hydroxypropyl} ester, tartaric acid-di{3-(meth)acryloyloxy-
2-hydroxypropyl } ether-di{3-(meth)acryloyloxy-2-
hydroxypropyl} ester, tetrahydroxyadipic acid-monoq3-
(meth)acryloyloxy-2-hydroxypropyl }ether-di{3-(meth)
acryloyloxy-2-hydroxypropyl }ester, tetrahydroxyadipic
acid-di{3-(meth)acryloyloxy-2-hydroxypropyl }ether-di{ 3-
(meth)acryloyloxy-2-hydroxypropyl }ester, tetrahydroxyadi-
pic  acid-tri{3-(meth)acryloyloxy-2-hydroxypropyl}ether-
di{3-(meth)acryloyloxy-2-hydroxypropyl } ester and
tetrahydroxyadipic acid-tetra{3-(meth)acryloyloxy-2-
hydroxypropyl }ether-di{3-(meth)acryloyloxy-2-
hydroxypropyl }ester.

(Ile)

#3
#A—1—tH),,
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(I1d)

OH OH R,

i

In the formula (Ile), R, represents a hydrogen atom or a
methyl group; #3 and #4 represent bonding hands; and #3
and #4 are bonded together.

In the formula (Ile), m,5 1s an 1nteger of 1 to 3; m, 1s an
integer of 2 to 8, and preferably an mteger of 3 to 8; and m
1s an integer of 0 to 6. When m,, 1s 1, m,,+m,.=4. When
m,; 1S 2, m,e+m,.=6. When m, 5 1s 3, m,,+m,=8. Prefer-
ably, m,; 1s an iteger of 1 to 2, and more preferably 1.

Examples of the compounds represented by the general
formula (Ile) include pentaerythritol-tri{3-(meth)acryloy-
loxy-2-hydroxypropyl }ether, pentaerythritol-tetra3-(meth)
acryloyloxy-2-hydroxypropyl }ether, dipentaerythritol-tri{3-
(meth)acryloyloxy-2-hydroxypropyl } ether,
dipentaerythritol-tetra{3-(meth)acryloyloxy-2-hydroxy-
propy 1}ether, dipentaerythritol-penta{3-(meth)acryloyloxy-
2-hydroxypropy 1lether, dipentaerythritol-hexa{3-(meth)
acryloyloxy-2-hydroxypropyl }ether, tripentaerythritol-
tri{3-(meth)acryloyloxy-2-hydroxypropyl }ether,
tripentaerythritol-tetra{3-(meth)acryloyloxy-2-hydroxyprop
yllether, tripentaerythritol-penta{3-(meth)acryloyloxy-2-
hydroxyprop yl}ether, tripentaerythritol-hexa{3-(meth)
acryloyloxy-2-hydroxypropy 1}ether, tripentaerythritol-
hepta{3-(meth)acryloyloxy-2-hydroxyprop vyl}ether and
tripentaerythritol-octa{3-(meth)acryloyloxy-2-hydroxy-
propy 1}ether.

/ 0/#3 \ #4_/6/\0’(&)\( )

73 O a5

(111)

Tt W,

In the formula (IIf), R, represents a hydrogen atom or a
methyl group; #3 and #4 represent bonding hands; and #3
and #4 are bonded together.

In the formula (IIf), m, 5 1s an mteger of 1 to 3; m,< 1s an
integer of 2 to 5, and preferably 3 to 3; and m; 1s an 1nteger
of 0 to 3. When m,; 1s 1, m,.+m,;=3. When m,; 1s 2,
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m,-+m,;=4. When m, 5 1s 3, m,.+m,,=3. Preferably, m, 5 1s
an teger of 1 to 2, and more preferably 1.

Examples of the compounds represented by the general
formula (IIf) include trimethylolpropane-tri{3-(meth)acry-
lether,
tri{3-(meth)acryloyloxy-2-hydroxyprop yl}ether, ditrimeth-

loyloxy-2-hydroxypropyl ditrimethylolpropane-
ylolpropane-tetra{3-(meth)acryloyloxy-2-
hydroxypropyl}ether, tritrimethylolpropane-tri{3-(meth)
acryloyloxy-2-hydroxypropyl }ether, tritrimethylolpropane-
tetra{3-(meth)acryloyloxy-2-hydroxypropyl}ether and
tritrimethylolpropane-pentad 3-(meth)acryloyloxy-2-

hydroxypropyl }ether.

4 H),,

In the formula (IIg), R, represents a hydrogen atom or a
methyl group; #3 and #4 represent bonding hands; and #3
and #4 are bonded together.

In the formula (IIg), X, and X, each independently rep-
—CH,—, —CH(OH)—, —CH(—0-#3)-

—CO—; and when n, ; 15 2 or greater, X s may be the same

resent

Oor

as or different from one another.

In the formula (IIg), m,, 1s an integer of 2 to 6, and
preferably an integer of 3 to 6; m,, 1s an integer of 0 to 4;
n,, 1s an integer of 0 or 1; n,; 1s an integer of 1 to 3; and
my,+m,.=3+(the number of —CH(—O-#3) present as X,,).

The cycloalkylether ring 1n the formula (I1Ig) may have
one or more carbon-carbon double bonds 1 place of a
carbon-carbon bond.

Examples of the compounds represented by the general

formula (IIg) include ribose-tri{3-(meth)acryloyloxy-2-

#3
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hydroxypropyl}ether, ribose-tetra{3-(meth)acryloyloxy-2-
hydroxypropyl}ether, ascorbic acid-tri{3-(meth)acryloy-
loxy-2-hydroxypropyl }ether, ascorbic acid-tetra{3-(meth)
acryl

oyloxy-2-hydroxypropyl }ether,  xylose-tri{3-(meth)

acryloyloxy-2-hydroxypropyl }ether, xylose-tetra{3-(meth)
acryloyloxy-2-hydroxypropyl }ether, sorbitan-tri{3-(meth)
acryloyloxy-2-hydroxypropyl }ether, sorbitan-tetra{3-

(meth)acryloyloxy-2-hydroxypropyl}ether, glucose-tri{3-

(meth)acryloyloxy-2-hydroxypropyl }ether, glucose-tetra{3-
(meth)acryloyloxy-2-hydroxypropyl } ether, glucose-
penta{3-(meth)acryloyloxy-2-hydroxypropyl } ether,
galactose-tri{3-(meth)acryloyloxy-2-hydroxypropyl } ether,
galactose-tetra{3-(meth)acryloyloxy-2-

hydroxypropyl}ether, galactose-penta{3-(meth)acryloy-

loxy-2-hydroxypropyl }ether, mannose-tri{3-(meth)acryloy-

loxy-2-hydroxypropyl }ether, mannose-tetra3-(meth)

acryloyloxy-2-hydroxypropyl }ether, mannose-penta{3-

(meth)acryloyloxy-2-hydroxypropyl}ether, (glucono-1,5-
lactone)-tri{3-(meth)acryloyloxy-2-hydroxypropyl }ether,
(glucono-1,5-lactone)-tetra{3-(meth)acryloyloxy-2-
hydroxypropyl}tether and (glucono-1,5-lactone)-pentad3-

(meth)acryloyloxy-2-hydroxypropyl }ether.

(ITh)

43 ()
/
O
O
44
o OH R, -
\

43

O

i 44 H)p

In the formula (IIh), R, represents a hydrogen atom or a
methyl group; #3 and #4 represent bonding hands; and #3
and #4 are bonded together.

In the formula (IIh), m,; 1s an integer of 2 to 8, and
preferably an iteger of 3 to 8; m,. 1s an mteger of 0 to 6;

and m,q+m,=8.

Examples of the compounds represented by the general
formula (IIh) include sucrose (also known as saccharose)-
tri{ 3-(meth)acryloyloxy-2-hydroxypropyl }ether,  sucrose-
tetra{3-(meth)acryloyloxy-2-hydroxypropyl }ether, sucrose-
penta{3-(meth)acryloyloxy-2-hydroxypropyl } ether,

sucrose-hexa{3-(meth)acryloyloxy-2-hydroxypropyl}ether,

sucrose-hepta{3-(meth)acryloyloxy-2-hydroxypropyl }ether

and sucrose-octa{3-(meth)acryloyloxy-2-

hydroxypropyl}ether.
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In the tormula (II1), R, represents a hydrogen atom or a

methyl group; #3 and #4 represent bonding hands; and #3
and #4 are bonded together.

In the formula ITh, m,, is an integer of 2 to 8, and 2V

preferably an integer of 3 to 8; m,, 1s an nteger of 0 to 6;
and m,.+m,,=3.

Examples of the compounds represented by the general
formula (IIi) include Palatinose-tri{3-(meth)acryloyloxy-2-

hydroxypropyl }ether, Palatinose-tetra{3-(meth)acryloy-
loxy-2-hydroxypropyl }ether, Palatinose-penta{3-(meth)
acryloyloxy-2-hydroxypropyl }ether, Palatinose-hexa{3-
(meth)acryloyloxy-2-hydroxypropyl }ether, Palatinose-
hepta{3-(meth)acryloyloxy-2-hydroxypropyl } ether and
Palatinose-octa{3-(meth)acryloyloxy-2-
hydroxypropyl }ether.

#3 O—#3

/
#3 O O
% p— 0
\
O

In the formula (IIy), R, represents a hydrogen atom or a
methyl group; #3 and #4 represent bonding hands; and #3
and #4 are bonded together.

In the formula (II), m,; 1s an integer of 2 to 8, and
preferably an integer of 3 to 8; m,, 1s an nteger of 0 to 6;
and m,q+m,,=8.

Examples of the compounds represented by the general

formula (IIj) include lactose-tri{3-(met.

TR

#3 H#3
™~ ~
O
. O ?}#
N
#3 )O\ 0 N3
5 / \ 0

/ O

#3 0 /
3# #4 CHm o
#3
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(meth)acryloyloxy-2-hydroxypropyl}ether, maltose-

hexa{3-(meth)acryloyloxy-2-hydroxypropyltether,  malt-
ose-hepta{3-(meth)acryloyloxy-2-hydroxypropyl }ether,
maltose-octa{3-(meth)acryloyloxy-2-hydroxypropyl }ether,

trehalose-tri{3-(meth)acryloyloxy-2-hydroxypropyl }ether,

trehalose-tetra{3-(meth)acryloyloxy-2-
hydroxypropyl}ether, trehalose-penta{3-(meth)acryloy-
loxy-2-hydroxypropyl }ether, trehalose-hexa{3-(meth)acry-
loyloxy-2-hydroxypropyl}ether, trehalose-hepta{3-(meth)
acryloyloxy-2-hydroxypropyl }ether and trehalose-octa{3-

(meth)acryloyloxy-2-hydroxypropyl}ether.

(1)

hyc

roXypropy.

hyc

let

rOXypropy.

her, lactose-tetra{3-(met

let

her,

2-hydroxypropyl }ether, lactose-hexa{3-(meth)acryloyloxy-

2-hydroxypropyl } ether,
acryloyloxy-2-hydroxypropyl }ether, lactose-octa{3-(meth)
acryloy.

acryl
acryloyloxy-2-hydroxypropyl }ether,

oyloxy-2-hydroxypropyl }ether,

oyloxy-2-hydroxypropyl } ether, maltose-tetra{3-(meth)

maltose-penta3-

_ T:”
34 O O
55 \O
n)acryloyloxy-2- e 5
h)acryloyloxy-2- 34
lactose-pentaq 3-(meth)acryloyloxy- O O—#3 #4——¢H)
— — 02
60
lactose-hepta;3-(meth) In the formula (1Ik), R, represents a hydrogen atom or a
methyl group; #3 and #4 represent bonding hands; and #3
maltose-tri{3-(meth) and #4 are bonded together.
65  In the formula (IIk), m,, 1s an integer of 2 to 4, and

preferably an integer of 3 to 4; m,, 1s an integer of O to 2,
and preterably O or 1; and m,, m,,=4.
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Examples of the compounds represented by the general
formula (I1k) include citric acid-tri{3-(meth)acryloyloxy-2-
hydroxypropyl} ester and citric acid-mono{3-(meth)acry-
loyloxy-2-hydroxypropyl }ether-tri{3-(meth)acryloyloxy-2-

hydroxypropyl} ester.
[
5 )J\K

R

(111

4

OH
23

In the formula (II1), R, 1s a hydrogen atom, a C, _,, alkyl
group, a C;_,, cycloalkyl group, a phenyl group, a benzyl
group, a hydroxyl group, hydroxymethyl or hydroxyethyl;
R, represents a hydrogen atom or a methyl group; #3 and #4
represent bonding hands; and #3 and #4 are bonded together.

In the formula (I1I1), m,, 1s an integer of 2 to 3; m,, 1S an
integer of O or 1; and m,,+m,,=3. Preferably, m,, and m,,
are such that m,, represents 3 and m,, represents O.

Examples of the compounds represented by the general
formula (I11) include dimethylolacetic acid-di{3-(meth)acry-
loyloxy-2-hydroxypropyl }ether-mono{3-(meth)acryloy-
loxy-2-hydroxypropyl} ester, dimethylolpropionic acid-
di{3-(meth)acryloyloxy-2-hydroxypropyl } ether-mono- 3-
(meth)acryloyloxy-2-hydroxypropyl } ester and
dimethylolbutyric acid-di{3-(meth)acryloyloxy-2-
hydroxypropyl }ether-mono{3-(meth)acryloyloxy-2-hy-
droxypropyl} ester.

Of the compounds represented by the general formulas
(IIb) to (I1Il1), those compounds represented by the general
tormulas (I1Ib) to (IIf) are preferable, and those compounds
represented by the general formulas (I1Ib) and (Ile) are more
preferable.

The molecular weight of the compounds (II) 1s usually
100 to 30,000, preferably 200 to 10,000, and more prefer-

ably 300 to 5,000.

The compounds (II) may be used singly, or two or more
may be used in combination.

The composition used to produce the monolayer films of
the invention contains the compound (II). At least some of
the molecules of the compound (II) may be reacted to form
an oligomer in the composition. Here, the oligomer usually
contains 2 to 20 repeating units derived from the compound
(1I).

The compounds (II) may be produced by a known method
or a method that 1s deemed as known. Alternatively, the
compounds (II) may be purchased from the market.

In the invention, the highly polar, crosslinkable polym-
erizable compound (II) has a specific structure that allows
the hydrophilic compound (I) to attain increased solubility
without being hindered from becoming enriched (concen-
trated) at a surface, as compared to when a conventional
crosslinkable polymerizable compound (for example, any of
crosslinkable polymerizable compounds described 1n litera-
ture such as WO 2007/064003 and WO 2012/014829) 1s
used. By the finding of such a compound, it has become
possible to dramatically enhance the transparency, while
ensuring hydrophilicity, of a monolayer film which includes
the crosslinked resin obtained by polymerizing the compo-
sition ncluding the compound (I) and the compound (II).
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In contrast to the great difhiculties encountered in the
conventional techniques, high eflects in the satisfaction of
high transparency in conjunction with hydrophilicity are
now obtainable in the use of the hydrophilic compound (1),
for example, the compound represented by the general
formula (101) and the general formula (121), the compound
represented by the general formula (101) and the general
formula (122), the compound represented by the general
formula (102) and the general formula (121), the compound
represented by the general formula (102) and the general
formula (122), the compound represented by the general
formula (103) and the general formula (121), or the com-
pound represented by the general formula (103) and the
general formula (122). In particular, the obtainable effects
are more significant when the compound used 1s one repre-
sented by the general formula (101) and the general formula
(121), or one represented by the general formula (101) and
the general formula (122).
| Additional Components]

The composition used to produce the monolayer films of
the invention may contain additional components other than
the compound (I) and the compound (II) as required.

Examples of the additional components include silica
particles (V). The silica particles (V) enhance the leveling
properties of the composition and 1mpart matte eflects
(control the gloss).

In the composition, the silica particles (V) are usually
present 1n the range of 0.00001 to 50 wt %, preferably 1n the
range of 0.0001 to 30 wt %, and more preferably 1n the range
of 0.001 to 20 wt %.

Examples of the additional components other than the
silica particles (V) which may be added to the composition
include such additives as polymerization initiators, polym-
erization accelerators, UV absorbers, hindered amine light
stabilizers (HALSs), solvents, catalysts, infrared absorbers,
radical scavengers, internal mold release agents, antioxi-
dants, polymerization inhibitors, dyes, binders, surfactants,
dispersants and leveling agents.

For the production of the monolayer films of the invention
from the composition, the composition 1s polymerized.
When the composition 1s polymerized with radiations such
as UV lights, a photopolymerization initiator 1s added to the
mixture. In the case of thermal polymerization, a thermal
polymerization initiator 1s added.

Examples of the photopolymerization mitiators include
photo radical polymerization initiators, photo cationic
polymerization initiators and photo anionic polymerization
initiators. Of these photopolymerization initiators, photo
radical polymerization imtiators are preferable.

Examples of the photo radical polymerization initiators
include IRGACURE 127 (manufactured by Ciba Specialty
Chemicals, Inc.), IRGACURE 651 (manufactured by Ciba
Specialty Chemicals, Inc.), IRGACURE 184 (manufactured
by Ciba Specialty Chemicals, Inc.), DAROCUR 1173
(manufactured by Ciba Specialty Chemicals, Inc.), benzo-
phenone, 4-phenylbenzophenone, IRGACURE 300 (manu-
factured by Ciba Specialty Chemicals, Inc.), IRGACURE
2959 (manufactured by Ciba Specialty Chemicals, Inc.),
IRGACURE 907 (manufactured by Ciba Specialty Chemi-
cals, Inc.), IRGACURE 369 (manufactured by Ciba Spe-
cialty Chemicals, Inc.), IRGACURE 1300 (manufactured by
Ciba Specialty Chemicals, Inc.), IRGACURE 819 (manu-
factured by Ciba Specialty Chemicals, Inc.), IRGACURE
1800 (manufactured by Ciba Specialty Chemicals, Inc.),
DAROCUR TPO (manufactured by Ciba Specialty Chemi-
cals, Inc.), DAROCUR 4265 (manufactured by Ciba Spe-
cialty Chemicals, Inc.), IRGACURE OXEO1 (manufactured
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by Ciba Specialty Chemicals, Inc.), IRGACURE OXEOQO2

(manufactured by Ciba Specialty Chemicals, Inc.), ESA-
CURE KT35 (manufactured by Lambert1 S.P.A.), ESA-
CURE ONE (manufactured by Lamberti S.P.A.), ESA-
CURE KIP150 (manufactured by Lamberti S.P.A.),

ESACURE KIP100F (manufactured by Lamberti S.P.A.),
ESACURE KT37 (manufactured by Lambert1 S.P.A.), ESA-
CURE KTO46 (manufactured by Lambert1 S.P.A.), ESA-
CURE 1001M (manufactured by Lamberti S.P.A.), ESA-
CURE KIP/EM (manufactured by Lamberti S.P.A.),
ESACURE DP230 (manufactured by Lamberti S.P.A.),
ESACURE KB1 (manufactured by Lamberti S.P.A.) and
2.,4-diethylthioxanthone.

Of the above photo polymerization initiators, among
others, IRGACURE 127 (manufactured by Ciba Specialty
Chemicals, Inc.), IRGACURE 184 (manufactured by Ciba
Specialty Chemicals, Inc.), DAROCUR 1173 (manufactured
by Ciba Specialty Chemicals, Inc.), IRGACURE 500
(manufactured by Ciba Specialty Chemicals, Inc.), IRGA-
CURE 819 (manufactured by Ciba Specialty Chemicals,
Inc.), DAROCUR TPO (manufactured by Ciba Specialty
Chemicals, Inc.), ESACURE ONE (manufactured by Lam-
bert1 S.P.A.), ESACURE KIP100F (manufactured by Lam-
bert1 S.P.A.), ESACURE KT37 (manufactured by Lamberti
S.P.A.) and ESACURE KTO46 (manufactured by Lambert1
S.P.A.) are preferable.

Examples of the photo cationic polymerization imitiators
include IRGACURE 2350 (manufactured by Ciba Specialty
Chemicals, Inc.), IRGACURE 784 (manufactured by Ciba
Specialty Chemacals, Inc.), ESACURE 1064 (manufactured
by Lambert1 S.P.A.), CYRAURE UVI6990 (manufactured
by Union Carbide Corp. Japan), ADEKA OPTOMER
SP-172 (manufactured by ADEKA CORPORATION),
ADEKA OPTOMER SP-170 (manufactured by ADEKA
CORPORATION), ADEKA OPTOMER SP-152 (manufac-
tured by ADEKA CORPORATION) and ADEKA
OPTOMER SP-1350 (manufactured by ADEKA CORPORA -
TION).

Examples
include:

ketone peroxides such as methyl 1sobutyl ketone peroxide
and cyclohexanone peroxide;

diacyl peroxides such as 1sobutyryl peroxide, o-chlo-
robenzoyl peroxide and benzoyl peroxide;

dialkyl peroxides such as tris(t-butylperoxy)triazine and
t-butylcumyl peroxide;

peroxyketals such as 2,2-bis(4,4-di-t-butylperoxycyclo-
hexyl)propane and 2,2-di(t-butylperoxy )butane;

alkyl peresters such as oa-cumyl peroxyneodecanoate,
t-butyl peroxypivalate, 2,4,4-trimethylpentyl peroxy-2-eth-
ylhexanoate, t-butyl peroxy-2-ethylhexanoate and t-butyl
peroxy-3,3,5-trimethylhexanoate; and

percarbonates such as di-3-methoxybutyl peroxydicar-
bonate, bis(4-t-butylcyclohexyl) peroxydicarbonate, t-butyl
peroxyisopropyl carbonate and diethylene glycol bis(t-butyl
peroxycarbonate).

The amount of the photopolymerization initiators and the
thermal polymerization mitiators 1s preferably in the range
of 0.1 to 20 wt %, more preferably 1n the range of 0.5 to 10
wt %, and still more preferably in the range of 1 to 5 wt %
relative to the total of the compounds (I) and (II).

The photopolymerization imitiators may be used 1n com-
bination with photopolymerization accelerators. Examples
of the photopolymerization accelerators include 2,2-bis(2-
chlorophenyl)-4,5'-tetraphenyl-2'H-<1,2">biimidazolyl, tris
(4-dimethylaminophenyl)methane, 4,4'-bis(dimethylamino)
benzophenone, 2-ethylanthraquinone and camphorquinone.

[T]

of the thermal polymerization 1nitiators
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To ensure that the inventive monolayer films used as, for
example, antifouling materials or antifogging materials will
not be denatured even by prolonged exposure to the outdoor,
it 1s desirable to impart weather resistance to the composi-
tion used to produce the inventive monolayer films by the
addition of a UV absorber and/or a hindered amine light
stabilizer.

The UV absorbers are not particularly limited. Various
UV absorbers may be used, with examples including ben-
zotriazole UV absorbers, triazine UV absorbers, benzophe-
none UV absorbers, benzoate UV absorbers, propanedioate
ester UV absorbers and oxanilide UV absorbers.

Examples of the UV absorbers include benzotriazole UV
absorbers such as 2-(2H-benzotriazol-2-yl)-p-cresol, 2-(2H-
benzotriazol-2-yl)-4-tert-butylphenol, 2-(2H-benzotriazol-
2-y1)-4, 6-di-tert-butylphenol, 2-(2H-benzotriazol-2-y1)-4,6-
bis(1-methyl-1-phenylethyl)phenol, 2-(2H-benzotriazol-2-
y1)-4-(1,1,3,3-tetramethylbutyl)-6-(1-methyl-1-phenylethyl)
phenol, 2-(2H-benzotriazol-2-yl)-4-(3-on-4-oxa-dodecyl)-
6-tert-butyl-phenol, 2-{5-chloro(2H)-benzotriazol-2-y1}-4-
(3-on-4-oxa-dodecyl)-6-tert-butyl-phenol, 2-{5-chloro(2H)-

benzotriazol-2-yl }-4-methyl-6-tert-butyl-phenol, 2-(2H-
benzotriazol-2-yl)-4,6-di-tert-pentylphenol, 2-{5-chloro
(2H)-benzotriazol-2-y1 }-4,6-di-tert-butylphenol, 2-(2H-

benzotriazol-2-yl)-4-tert-octylphenol, 2-(2ZH-benzotriazol-
2-y1)-4-methyl-6-n-dodecylphenol and methyl-3-{3-(2H-
benzotriazol-2-yl)-5-tert-butyl-4-hydroxyphenyl }
propionate/polyethylene glycol 300 reaction product; triaz-
ine UV absorbers such as 2-(4-phenoxy-2-hydroxy-phenyl)-
4,6-diphenyl-1,3,5-triazine, 2-(2-hydroxy-4-oxa-hexadecy-
loxy)-4,6-d1(2,4-dimethyl-phenyl)-1,3,5-triazine, 2-(2-
hydroxy-4-oxa-heptadecyloxy)-4,6-di1(2,4-dimethyl-
phenyl)-1,3,5-triazine, 2-(2-hydroxy-4-1so-octyloxy-
phenyl)-4,6-d1(2,4-dimethyl-phenyl)-1,3,5-tr1azine,
TINUVIN 400 (trade name, manufactured by Ciba Specialty
Chemicals, Inc.), TINUVIN 4035 (trade name, manufactured
by Ciba Specialty Chemicals, Inc.), TINUVIN 460 (trade
name, manufactured by Ciba Specialty Chemicals, Inc.) and
TINUVIN 479 (trade name, manufactured by Ciba Specialty
Chemicals, Inc.); benzophenone UV absorbers such as 2-hy-
droxy-4-n-octoxybenzophenone; benzoate UV absorbers
such as 2,4-di-tert-butylphenyl-3,5-di-tert-butyl-4-hydroxy-
benzoate; propanedioate ester UV absorbers such as {(4-

methoxyphenyl)-methylene }-dimethyl propanedioate ester,
HOSTAVIN PR-25 (trade name, manufactured by Clarnant

(Japan) K.K.) and HOSTAVIN B-CAP (trade name, manu-
factured by Clanant (Japan) K.K.); and oxanilide UV
absorbers such as 2-ethyl-2'-ethoxy-oxanilide and Sanduvor
VSU (trade name, manufactured by Clariant (Japan) K.K.).
Of these UV absorbers, triazine UV absorbers tend to be
preferable.

The hindered amine light stabilizers (abbreviated as
HALSs) are a general term for compounds which usually
have a 2,2,6,6-tetramethylpiperidine skeleton, and are
broadly categorized according to molecular weight into
low-molecular weight HALSs, medium-molecular weight
HALSs, high-molecular weight HALSs and reactive
HALSs. Examples of the hindered amine light stabilizers
include TINUVIN 111FDL (trade name, (manufactured by
Ciba Specialty Chemaicals, Inc.), bis(1-octyloxy-2,2,6,6-te-
tramethyl-4-piperidyl) sebacate (TINUVIN 123 (trade
name, manufactured by Ciba Specialty Chemicals, Inc.)),
TINUVIN 144 (trade name, manufactured by Ciba Specialty
Chemicals, Inc.), TINUVIN 292 (trade name, manufactured
by Ciba Specialty Chemicals, Inc.), TINUVIN 765 (trade
name, manufactured by Ciba Specialty Chemicals, Inc.),
TINUVIN 770 (trade name, manufactured by Ciba Specialty
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Chemicals, Inc.), N,N'-bis(3-aminopropyl)ethylenediamine-
2.,4-bis[N-butyl-N-(1,2,2,6,6-pentamethyl-4-piperidyl)
amino |-6-chloro-1,3,5-triazine condensate (CHIMASSORB
119FL (trade name, manufactured by Ciba Specialty Chemi-
cals, Inc.)), CHIMASSORB2020FDL (trade name, manu-
tactured by Ciba Specialty Chemicals, Inc.), dimethyl suc-
cinate-1-(2-hydroxyethyl)-4-hydroxy-2,2,6,6-tetramethyl
piperidine polycondensate (CHIMASSORB 622LD (trade
name, manufactured by Ciba Specialty Chemicals, Inc.)),
poly[{6-(1,1,3,3-tetramethyl-butyl)amino-1,3,5-triazine-2,
4-diyl}4{(2,2,6,6-tetramethyl-4-piperidyl)
imino thexamethylene{(2,2,6,6-tetramethyllauryl-4-pipet-
idyl)imino}] (CHIMASSORB 944FD (trade name,
manufactured by Ciba Specialty Chemicals, Inc.)), Sandu-
vor 3050 Lig. (trade name, manufactured by Clariant (Japan)
K.K.), Sanduvor 3052 Lig. (trade name, (manufactured by
Clariant (Japan) K.K.), Sanduvor 3038 Liq. (trade name,
manufactured by Clariant (Japan) K.K.), Sanduvor 3051
Powder. (trade name, manufactured by Clariant (Japan)

K.K.), Sanduvor 3070 Powder. (trade name, manufactured
by Clanant (Japan) K.K.), VP Sanduvor PR-31 (trade name,

manufactured by Clarniant (Japan) K.K.), HOSTAVIN N20
(trade name, manufactured by Clarnant (Japan) K.K.), HOS-
TAVIN N24 (trade name, manufactured by Clariant (Japan)
K.K.), HOSTAVIN N30 (trade name, manufactured by
Clariant (Japan) K.K.), HOSTAVIN N321 (trade name,
manufactured by Clariant (Japan) K.K.), HOSTAVIN PR-31
(trade name, manufactured by Clanant (Japan) K.K.), HOS-
TAVIN 845 (trade name, manufactured by Clarnant (Japan)
K.K.) and NYLOSTAB S-EED (trade name, manufactured
by Clariant (Japan) K.K.).

The UV absorber and the hindered amine light stabilizer
may be added in any amounts without limitation. The
amount of the UV absorber 1s usually 0.1 to 20 wt %, and
preferably 0.5 to 10 wt %, and the amount of the hindered
amine light stabilizer 1s usually 0.1 to 10 wt %, preferably
0.5 to 5 wt %, and more preferably 1 to 3 wt % relative to
the total of the compounds (1) and (II). These amounts of the
UV absorber and the hindered amine light stabilizer ensure
that the composition used to produce the inventive mono-
layer films will give monolayer films that exhibit markedly
improved weather resistance. The UV absorber and the
hindered amine light stabilizer added 1n amounts below the
above ranges tend to produce only small effects 1 the
enhancement of the weather resistance of the obtaimable
hydrophilic crosslinked resins, for example, monolayer
films. On the other hand, adding the UV absorber and the
hindered amine light stabilizer 1n amounts exceeding the
above ranges may result 1n insuilicient polymerization of the
composition.

The composition which contains the compound (I) and the
compound (II) and 1s used to produce the mventive mono-
layer films may contain a solvent in consideration of aspects
such as workability during the fabrication of the monolayer
films.

The solvents are not particularly limited as long as the
composition can give a crosslinked resin having a hydro-
philic surface. It 1s, however, not preterable to use solvents
which have excessively strong interactions with the con-
stituents present in the monomer composition 1n the mven-
tion, for example, solvents which can react or form salts with
the constituents, or to use solvents having an excessively
high boiling point, for example, solvents having a boiling
point of above 200° C. For example, ethanolamine com-
pounds having a hydroxyethylamino structure [NRaRb
(CH,CH,OH): Ra and Rb are each independently hydrogen,

a C,_,s alkyl group or a CH,CH,OH group] are prone to
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interact with the hydrophilic groups present in the com-
pound (I), for example, the anionic hydrophilic groups such
as the sulfonate groups to form a salt or a pseudo salt, and
are dithicult to evaporate. When an attempt 1s made to
remove such a solvent from the mixture applied, the solvent
barely moves to the surface 1in contact with the air and tends
to remain in the mside. Consequently, the hydrophilic
groups present in the compound (I) tend to be prevented
from being enriched (concentrated) at the surface of the
coating 1n contact with the air. Thus, such ethanolamine
compounds are not suited for use as the solvents. Examples
of such compounds include ethanolamine, diethanolamine,

tricthanolamine, N-ethyl-ethanolamine, N-(2-ethylhexyl)
cthanolamine, N-butyl-diethanolamine, N-hexyl-dietha-
nolamine, N-lauryl-diethanolamine and N-cetyl-dietha-
nolamine.

In the invention, appropriate solvents except the solvents
described above may be used in consideration of aspects
such as the solubility of the compound (I) and the compound
(II). The mvention can use a greater variation of solvents
than 1s possible for conventional compositions. When, for
example, a conventional composition (such as one described
in WO 2007/064003 or WO 2012/014829) 1s diluted rela-
tively thinly with a solvent (when the composition 1s used in
a low solid content) and the mass solvent consists solely of
a low-polarity solvent, a uniform solution (composition)
cannot often be obtained due to the separation of a hydro-
philic compound (corresponding to the compound (I) in the
invention) or a crosslinkable polymerizable compound (cor-
responding to the compound (II) 1n the mvention). Direct
application of such a nonuniform solution to a substrate only
gives a nonuniform coating (for example, a film) having
poor transparency which cannot often be used in applica-
tions where, for example, a certain level of transparency 1s
required.

In contrast, the Solublhty of the compound (I) 1n the
inventive composition 1s enhanced by the incorporation of
the specific compound (II) having three or more hydroxyl
groups and two or more functional groups with a polymer-
izable carbon-carbon double bond. Consequently, even a
solvent having relatively low polarity can be used, and also
the amount of the solvent used can be reduced.

The solubility parameter (the SP value) o (cal/cm”)
the solvents is preferably not less than 8.4 (cal/cm>)"?, more
preferably not less than 9.0 (cal/cm>)"?, still more prefer-
ably not less than 9.3 (cal/cm’)"?, and even more preferably
not less than 9.5 (cal/cm?®)*2.

Examples of suitable solvents include methanol, ethanol,
1 -propanol, 1sopropanol (IPA), 1-butanol, isobutanol, 1-pen-
tanol (1-amyl alcohol), 1sopentanol, 2-pentanol, 3-pentanol,
cyclohexanol, 1-methoxy-2-propanol (methoxypropanol),
2-methoxy-1-propanol, 2-methoxy-1-ethanol (methoxyetha-
nol), 2-1sopropoxy-1-ethanol, acetonitrile and water.

Of these solvents, primary alcohols having an SP value of
not less than 9.0 (cal/cm’®)"? such as methanol, ethanol,
1 -propanol, 1-butanol and 1-pentanol (1-amyl alcohol), and
alkoxy alcohols having an SP value of not less than 9.0
(cal/cm’)""? such as 1-methoxy-2-propanol (methoxypropa-
nol), 2-methoxy-1-ethanol (methoxyethanol) and 2-iso-
propoxy-1-ethanol are more preferable.

The solubility parameter (the SP value) can be easily
calculated by a simplified calculation method described
below.

Equations for calculating solubility parameter o

1) Latent heat of vaporization per 1 mol

Hb=21x(273+1H) (unit: cal/mol),75: boiling point
(" C.)

le
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2) Latent heat of vaporization per 1 mol at 25° C.

H25=Hbx{1+0.175x(Th-25)/100} (unit: cal/mol),Th:
boiling point (° C.)

3) Intermolecular binding energy E=H25-596 (unit: cal/
mol)
4) Intermolecular binding energy per 1 ml (cm?) of solvent

E1=ExD/Mw (unit: cal/cm?),D: density (g/cm?),MW:
molecular weight

5) Solubility parameter (SP value) o=(E1)"? (unit: (cal/
CmB)le)

The amount of the solvent to be added to the mmventive
composition may be determined appropriately in consider-
ation of aspects such as properties ol hydrophilic cross
linked resins, for example, monolayer films obtained accord-
ing to the mvention, and the economic efliciency.

The solvent 1s usually used 1n such an amount that the
concentration of the solids 1n the composition (the total of
the compound (I), the compound (II), the optional silica (V)
and the additives) (solids/(solids+solvent)x100) will be 1 wt
% or above, preferably 10 to 90 wt %, more preferably 20
to 80 wt %, and still more pretferably 30 to 70 wt %.

Where necessary, additives other than those described
hereinabove may be added to the composition. For example,
the addition of a surfactant results 1n a hydrophilic cross-
linked resin which has the hydrophilic groups enriched
(concentrated) at a surface thereof. Thus, the invention
increases the easiness and the options of materials i the
manufacturing of crosslinked resin monolayer films having
high hydrophilicity and high transparency as well as highly
hydrophilic stacks including such monolayer films over the
conventional techniques.

For example, additives such as titamum oxides, metals
and metal oxides may be added to the inventive composition
for purposes such as enhancing the mechanical strength and
thermal strength of the obtainable hydrophilic crosslinked
resins, and for imparting properties such as photoresponsive
properties and bactericidal properties. For purposes such as
increasing the refractive index of the obtainable hydrophilic
crosslinked resins, sulfur-containing compounds may be
added. For purposes such as imparting bactericidal proper-
ties and antibacterial properties, salts of metals such as silver
and lithium, and such materials as 10dine and 1odonium salts
may be added to the composition. The amount of these
additives may be determined appropriately i accordance
with the purpose, but 1s usually 1n the range of 0.01 to 200
wt %, and preferably in the range of 0.1 to 100 wt % relative
to the total of the compound (I) and the compound (II).

When the composition of the invention contains the
solvent described hereimnabove, 1t 1s preferable that the
coating of the composition applied onto an object such as a
substrate be treated by heating or the like to sufhiciently
remove the solvent before the polymerization described later
1s pertormed. If the removal of the solvent from the com-
position 1s insuilicient, the hydrophilic groups derived from
the compound (I) (at least one type of hydrophilic groups
selected from anionic hydrophilic groups, cationic hydro-
philic groups and hydroxyl groups) are not allowed to move
ciliciently to the surface of the coating 1n contact with the air.
As a result, the properties such as the hydrophilicity of the
obtainable hydrophilic crosslinked resins tend to be
decreased. Even 11 the hydrophilic groups have successtully
moved to the surface of the coating in contact with the air,
the residual solvent 1n the composition exhibits a repelling,
interaction with the air (which 1s hydrophobic) present on
the surface 1n contact with the air so as to tend to facilitate

10

15

20

25

30

35

40

45

50

55

60

65

32

the movement of the hydrophilic groups toward the 1nside of
the coating. As a result, the obtainable hydrophilic cross-
linked resins, for example, monolayer films often have an
insuilicient enrichment of the hydrophilic groups at the
surface thereol 1n contact with the air, and also exhibit poor
hydrophilicity at times. Further, the adhesion with respect to
the substrate tends to be decreased. Thus, more favorable
results tend to be obtained with decreasing amount of the
residual solvent present in the composition immediately
betore the polymerization. The amount 1s usually not more
than 10 wt %, preferably not more than 5 wt %, more
preferably not more than 3 wt %, and still more preferably
not more than 1 wt %.

The temperature during the removal of the solvent may be
determined appropriately, but 1s usually 1n the range of room
temperature to 200° C., preferably in the range of 30 to 150°
C., and more preferably 1n the range of 40 to 120° C.

The removal of the solvent from the composition may be
performed for an appropriately determined time. In consid-
cration of productivity, a shorter time tends to be preferable.
For example, the solvent removal 1s usually performed for
not more than 30 minutes, preferably not more than 10
minutes, preferably not more than 5 minutes, more prefer-
ably not more than 3 minutes, and still more preferably not
more than 2 minutes. The solvent removal may take place in
the air atmosphere or 1n an inert gas such as nitrogen. An
atmosphere having a lower humidity tends to be more
preferable for reasons such as that the obtainable hydrophilic
crosslinked resins (for example, monolayer films) are free
from deteriorations 1n appearance (such as the occurrence of
orange peels, and a decrease 1n transparency). Specifically,
the humidity 1 the atmosphere 1s preferably not more than
80%, more preferably not more than 65%, and still more
preferably not more than 55%.

When the solvent 1s removed by the application of wind,
the wind speed 1s preferably not more than 30 m/sec, more
preferably 1 the range of 0.1 to 30 m/sec, still more
preferably 1n the range of 0.2 to 20 m/sec, and particularly
preferably 1n the range of 0.3 to 10 m/sec.

The pressure during the solvent removal 1s not particu-
larly limited. Normal pressure or a reduced pressure 1is
relatively preferable. A slightly increased pressure may also
be used.

A hydrophilic crosslinked resin, for example, a monolayer
film according to the present invention can be obtained by
applying the mnventive composition onto an object such as a
substrate and polymerizing the composition. The polymer-
ization method 1s not particularly limited. For example, the
composition may be polymerized by heat or radiation, or by
both 1n combination.

The polymerization may be performed in air atmosphere.
However, the polymerization time can be advantageously
reduced by performing the polymerization in an inert gas
atmosphere such as nitrogen.

When the polymerization involves heating, a thermal
radical generator such as an organic peroxide i1s usually
added to the composition and the mixture 1s heated at a
temperature 1n the range of room temperature to 300° C.

In the case of radiation polymerization, an energy ray
having a wavelength in the range of 0.0001 to 800 nm can
be used as the radiation. Such radiations are categorized into
a-rays, [3-rays, y-rays, X-rays, electron beams, UV lights
and visible lights. An appropriate radiation may be selected
in accordance with the chemical composition of the mixture.
Of the radiations, UV lights are preferable. The output peak
of the UV lights 1s preferably in the range of 200 to 450 nm,
more preferably in the range of 230 to 445 nm, still more
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preferably 1n the range of 240 to 430 nm, and particularly
preferably 1n the range of 250 to 400 nm. The use of UV
lights having an output peak 1n the above range 1s advan-
tageous 1n that defects such as yellowing and thermal
deformation during the polymerization are remedied and the
polymerization can be completed 1n a relatively short time
even when the composition contains the UV absorber.

When the composition contains the UV absorber and/or
the hindered amine stabilizer, it 1s preferable to use UV
lights having an output peak 1n the range of 250 to 280 nm
or 370 to 430 nm.

In order to prevent the radiation polymerization of the
composition from being mhibited by oxygen, the polymer-
ization may be performed in such a manner that after the
composition 1s applied onto an object such as a substrate and
optionally the coating 1s dried as required, a covering
material (such as a film) 1s applied onto the coating layer and
thereatter the covered coating layer 1s irradiated. The coating,
layer 1s desirably covered with the covering matenal tightly
so that air (oxygen) will not be entrapped between the
coating layer and the covering material. By blocking oxy-
gen, for example, the amount of the (photo)polymerization
initiator and the radiation dose can be reduced at times.

The covering materials are not particularly limited, and
vartous materials can be used in various forms as long as
oxygen can be blocked. Films are preferable in terms of
handling. Of the films, transparent films allowing for easy
radiation polymerization are preferable. The thickness of the
films 1s usually 1n the range of 3 to 200 um, preferably 5 to
100 um, and more preferably 10 to 50 um.

Examples of the film materials suitably used as the
covering materials mclude vinyl alcohol polymers such as
polyvinyl alcohols (PVAs) and ethylene.vinyl alcohol copo-
lymers, polyacrylamides, polyisopropylacrylamides, poly-
acrylonitriles, polycarbonates (PCs), polymethyl methacry-

lates (PMMAs), polyethylene terephthalates (PETs),
polystyrenes (PSs) and biaxially oriented polypropylenes
(OPPs).

Electron beams in the range of 0.01 to 0.002 nm are
preferable as the radiations because the polymerization can
be completed 1n a short time, although such apparatuses are
expensive.

The monolayer film obtained as described above that
includes the hydrophilic crosslinked resin of the mvention
usually has a gradient (a ratio of anion concentrations)
(Sa/Da) of not less than 1.1, preferably not less than 1.2,
more preferably not less than 1.3, and still more preferably
not less than 1.5 wherein Sa 1s the surface concentration of
amonic hydrophilic groups and Da 1s the deep concentration
of the hydrophilic groups at 2 of the thickness of the
monolayer film.

The monolayer film of the invention 1s usually disposed as
a coating on at least one surface of a substrate and contains
the hydrophilic groups described above. In the monolayer
film, the hydrophilic groups are distributed from a deep
portion near the substrate to the surface of the film. In
particular, the concentration distribution (the gradient (the
rat10 of the concentrations of hydrophilic groups) (Sa/Da)) 1s
such that the concentration 1s higher on the top surface of the
monolayer {ilm in contact with the air.

The reason for the occurrence of such a distribution 1s
probably because when an energy for polymerization such
as heat or a radiation 1s applied to the composition spread on
an object such as a substrate, the at least one type of
hydrophilic groups selected from anionic hydrophilic
groups, cationic hydrophilic groups and hydroxyl groups are
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self-assembled at the surface 1n contact with the air and the
crosslinked resin monolayer film 1s formed after the forma-
tion of such a selif-assembly.

Because the hydrophilic groups are present i a high
concentration on the surface, the monolayer film including
the mnventive crosslinked resin exhibits excellent properties

such as antifogging properties, antifouling properties or
seli-cleaning properties, and antistatic properties or anti-dust
properties.

The gradient (the ratio of the concentrations of hydro-
philic groups) 1s determined by a process 1 which a pre-
scribed sample of the monolayer film 1s cut at a bevel, the
concentrations of the anionic hydrophilic groups (such as,
for example, sulfonate groups, carboxyl groups and phos-
phate groups) are measured with respect to the surface of the
monolayer film 1n contact with the air and the point at %2 of
the thickness of the monolayer film with use of a time-oi-
flight secondary 1on mass spectrometer (TOF-SIMS), and
the ratio of the (relative) intensities of the fragment 10ns 1s
calculated.

The monolayer film including the inventive crosslinked
resin usually has a water contact angle of not more than 50°,
preferably not more than 30°, more preterably not more than
20°, and still more preferably not more than 10°.

With this water contact angle, the monolayer film exhibaits
high hydrophilicity and serves as an excellent hydrophilic
material which 1s highly compatible (wettable) with water.
Thus, the monolayer films are useful as, for example,
antifogging materials, antifogging films (heremafter, also
referred to as antifogging coats), antifouling materials, anti-
fouling films or self-cleaning coats, and antistatic materials,
antistatic films or anti-dust coats. When, for example, used
as an anfi fogging coat, the film allows water droplets to
spread on the surface to form a water film, thus achieving
excellent antifogging eflects. When used as a self-cleaning
coat, the film allows water to penetrate into between the dirt
and the coating surface to lift and remove the dirt, thus
achieving excellent antifouling eflects. Further, the capabil-
ity of the hydrophilic monolayer film to allow water to
spread leads to an increased evaporation area and thus
provides an enhanced evaporation speed, namely, quick
drying.

Because the monolayer films of the invention are enriched
with (have a higher concentration of) the hydrophilic groups
at the surface, the films attain higher antistatic properties
than conventional hydrophilic films having no such enrich-
ment and are useful also 1n applications such as antistatic
materials, antistatic films or anti-dust coats.

When the water contact angle 1s not more than 30°,
preferably not more than 20°, and more preferably not more
than 10°, the monolayer films including the crosslinked
resins ol the invention are particularly suited for use as
antifogging materials, antifouling materials, quick-dry mate-
rials and antistatic materials. The water contact angle 1s
usually 0° or above.

The thickness of the hydrophilic crosslinked resins of the
invention, typically the monolayer films (copolymers) may
be determined approprately 1n accordance with the appli-
cations, but 1s usually in the range of 0.0001 to 3500 um,
preferably 0.05 to 500 um, more preferably 0.1 to 300 um,
still more preferably 0.5 to 100 um, further preferably 1 to
50 um, and particularly preferably 2 to 30 um.

The hydrophilic crosslinked resins of the invention, for
example, monolayer films may be formed by any methods
without limitation. For example, the crosslinked resins can
be formed by applying the composition onto a surface of a
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substrate, optionally drying the wet film, and thereafter
polymerizing the composition.

Examples of the substrates include substrates made of
inorganic materials such as glasses, silicas, metals and metal
oxides; substrates made of organic materials such as polym-
cthyl methacrylates (PMMASs), polycarbonates, polyethyl-
ene terephthalates, polyacetyl celluloses (TACs), acryloni-
trile.butadiene.styrene copolymers (ABSs), polyethylenes,
polypropylenes, polystyrenes, polyurethane resins, epoxy
resins, vinyl chloride resins, silicone resins, papers and
pulps; organic morganic substrates such as SMCs and BMCs
which include composites of unsaturated polyester resins,
fillers such as calcium carbonate, and such materials as glass
fibers; and substrates having a cured coating layer in which
a coating 1s formed on the surface of substrates made of any
of the above inorganic maternals, organic materials and
organic morganic composite materials.

In order to activate the substrate surface as required, the
surface of these substrates may be subjected to physical or
chemical treatments such as corona treatment, ozone treat-
ment, low-temperature plasma treatment using a gas such as
oxygen gas or nitrogen gas, glow discharge treatment,
oxidation treatment with agents such as chemicals, and
flame treatment. Instead of or 1n addition to such a treatment,
the substrate surface may be subjected to primer treatment,
undercoating treatment or anchor coating treatment.

Examples of the coating agents used 1n the primer treat-
ment, the undercoating treatment and the anchor coating
treatment include coating agents containing, as the main
components of vehicles, resins such as polyester resins,
polyamide resins, polyurethane resins, epoxy resins, pheno-
lic resins, (meth)acrylic resins, polyvinyl acetate resins,
polyolefin resins including polyethylenes and polypropyl-
enes as well as copolymers thereof or modified resins
thereol, and cellulose resins. The coating agents may be any
ol solvent-based coating agents and aqueous coating agents.

Of the coating agents, preferred coating agents are:

modified polyolefin coating agents, ethyl vinyl alcohol
coating agents, polyethyleneimine coating agents, polybuta-
diene coating agents, polyurethane coating agents;

polyester polyurethane emulsion coating agents, polyvi-
nyl chloride emulsion coating agents, urethane acrylic emul-
s10n coating agents, silicon acrylic emulsion coating agents,
vinyl acetate acrylic emulsion coating agents, acrylic emul-
s10n coating agents;

styrene-butadiene copolymer latex coating agents, acry-
lonitrile-butadiene copolymer latex coating agents, methyl
methacrylate-butadiene copolymer latex coating agents,
chloroprene latex coating agents, rubber latex coating agents
contaiming polybutadiene latex, polyacrylate ester latex
coating agents, polyvinylidene chloride latex coating agents,
polybutadiene latex coating agents, and coating agents
which include latexes or dispersions resulting from the
carboxylic acid modification of the resins present in the
above latex coating agents.

For example, these coating agents may be applied by
methods such as gravure coating methods, reverse roll
coating methods, knife coating methods and kiss-roll coat-
ing methods. The mass of coating on the substrate 1s usually
0.05 g/m” to 10 g/m” on dry basis.

Of these coating agents, polyurethane coating agents are
more preferable. The polyurethane coating agents have a
urethane bond 1n the main chain or a side chain of the resin
contained 1n the coating agents. For example, the polyure-
thane coating agents contain a polyurethane obtained by
reacting a polyol such as a polyester polyol, a polyether
polyol or an acrylic polyol, with an 1socyanate compound.
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Of the polyurethane coating agents, excellent adhesion 1s
advantageously provided by polyurethane coating agents
obtained by mixing a polyester polyol such as a condensed
polyester polyol or a lactone-based polyester polyol with an
1socyanate compound such as tolylene diisocyanate, hexam-
cthylene diisocyanate or xylene diisocyanate.

The polyol compounds and the isocyanate compounds
may be mixed with each other by any methods without
limitation. The mixing ratio 1s not particularly limited.
When, however, the amount of the 1socyanate compound 1s
excessively small, curing failure may be caused. Thus, the
equivalent ratio of the OH groups of the polyol compound
to the NCO groups of the 1socyanate compound 1s preferably
in the range of 2/1 to 1/40.

The substrates 1n the mvention may have a surface that
has been treated by the aforementioned surface activation.

The substrate whose surface 1s coated with a monolayer
f1lm 1ncluding the crosslinked resin of the invention may be
used as a stack including the substrate and the monolayer
film. For example, the monolayer film 1s an antifogging film,
an antifouling film, a quick-dry film or an antistatic film.
That 1s, the stack includes the substrate coated with such an
antifogging film, antifouling film, quick-dry film or anti-
static f1lm.

When the substrate 1s a film, a pressure-sensitive adhesive
layer described later may be provided on, for example, the
surface of the substrate on which the monolayer film of the
invention 1s not disposed. Further, a release film may be
provided on the surface of the pressure-sensitive adhesive
layer. The pressure-sensitive adhesive layers that are lami-
nated on the surface of the substrate films opposite to the
inventive monolayer films allow users to attach easily the
stack films as antifogging films or antifouling films onto
objects such as glasses, bathroom mirrors or the like, sur-
faces of display devices such as displays and televisions,
information boards such as signboards, advertisements and
guideboards, signs such as railroad signs and traflic signs,
exterior walls of buildings, and window glasses.

The pressure-sensitive adhesives used in the pressure-
sensitive adhesive layers are not particularly limited, and
known pressure-sensitive adhesives may be used. Examples
ol the pressure-sensitive adhesives include acrylic pressure-
sensitive adhesives, rubber pressure-sensitive adhesives,
vinyl ether polymer pressure-sensitive adhesives and sili-
cone pressure-sensitive adhesives. The thickness of the
pressure-sensitive adhesive layers 1s usually 1n the range of
2 to 50 um, and preferably 1n the range of 5 to 30 um.

In the inventive monolayer film and a stack including the
monolayer film, the surface of the monolayer film in contact
with the air may be covered with a covering matenal. The
covering material disposed on the single monolayer film or
the monolayer film constituting a stack can prevent the
monolayer film from being scratched or fouled during
actions such as transportation, storage and laying out.

As described hereinabove, a covering material 1s provided
in close contact with the coating during the formation of the
inventive monolayer film on an object such as a substrate by
radiation polymerization. This covering material may be
continuously used as the covering material for the above
pUrposes.

Examples of the film materials suitably used as the
covering materials imnclude vinyl alcohol polymers such as
polyvinyl alcohols (PVAs), polyacetyl celluloses (TACs)
and ethylene.vinyl alcohol copolymers, polyacrylamides,
polyisopropylacrylamides, polyacrylonitriles, polycarbon-
ates (PCs), polymethyl methacrylates (PMMASs), polyethyl-
ene terephthalates (PETs), polyacrylonitrile.butadiene.sty-
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rene copolymers (ABSs), polystyrenes (PSs) and biaxially
oriented polypropylenes (OPPs).

The composition which includes the compound (1) and the
compound (II) may be polymerized in molds having various
shapes. In this manner, crosslinked resins such as monolayer
films and articles can be formed in various shapes.

The hydrophilic crosslinked resins obtained in accordance
with the invention, for example, monolayer films, and stacks
including the monolayer films can be suitably used as such
materials as antifogging materials, antifouling matenals,
quick-dry materials and antistatic materials.

Coatings formed of the crosslinked resins, for example,
monolayer films and stacks, can be used to impart quick-dry
properties, hydrophilicity, antifogging properties and anti-
fouling properties to, for example, vehicles and vehicle
materials; ships and ship maternials; aircraft and aircraift
materials; buildings and building materials; windows, mir-
rors, exterior walls, exteriors, bodies, wheels, interior walls,
interiors and floors 1n structures such as vehicles, ships,
aircraft and buildings; furniture and furniture matenals;
utilities such as pipes and wires, and materials for such
utilities; fiber products such as garments and cloths; house-
hold equipment such as sinks, bathrooms, restrooms, ven-
tilation fans and kitchens, and materials for such equipment;
clectric appliances such as washing machines, dish dryers,
refrigerators, microwaves, ovens and shavers, and materials
for such appliances; displays and display matenals; optical
products such as optical films, optical disks, optical lenses,
eyeglass lenses, contact lenses and goggles; dental materials
such as artificial teeth and dentures; lighting i1tems such as
lamps and lights, and materials for such items; heat
exchanger components such as cooling fins, and materials
for such components; record printing materials such as
photoresists and 1nkjet recording plates; cosmetic containers
and materials for such containers; reflective materials such
as reflective films and reflective boards; sound insulating
boards located at places such as expressways; display mate-
rials; printing or typing primers; other primers; flat panels;
touch panels; sheets; films; tapes; and transparent materials
such as transparent resins and glasses. Further, the coatings
can 1mpart anti-condensation properties and antistatic prop-
erties.

EXAMPLES

Hereinbelow, the present invention will be described in
turther detail by discussions such as examples. The scope of
the 1nvention 1s not limited to such examples.

Properties of films in the mvention were evaluated as
described below.
<Measurement of Ratio of Concentrations of Hydrophilic
Groups>

A sample was cut at a bevel as illustrated 1n the sample
preparation in FIG. 1. With use of a time-of-flight secondary
ion mass spectrometer (TOF-SIMS), the sample was ana-
lyzed with respect to fragment 10ons of a hydrophilic com-
pound having hydrophilic groups, namely, sulfonate groups,
carboxyl groups, phosphate groups, quaternary ammonium
groups and hydroxyl groups. Specifically, the concentration
of the fragment 10ns derived from the hydrophilic compound
that were present at the top surface was measured (Sa).
Further, the concentration of the fragment ions that were
present at half the thickness was measured (Da). The con-
centration of the hydrophilic groups derived from the hydro-
philic compound that were present at the top surface of the
film 1n contact with the air was expressed as a ratio to the
concentration of the hydrophilic groups that were present at

10

15

20

25

30

35

40

45

50

55

60

65

38

the middle point between the bottom surface and the top
surface of the film. In this manner, the gradient (Sa/Da) of
hydrophilic group concentration was determined.
(Analyzer and Measurement Conditions)

TOF-SIMS: TOF-SIMSS manufactured by ION. TOF

Primary ions: Bi,>* (accelerating voltage 25 kV)

Measurement area: 400 pm>

In the measurement, a neutralizing gun for correcting
clectric charges was used.

(Preparation and Analysis of Sample)

As 1llustrated in FI1G. 1, a sample in which a coating layer
20 was disposed on a surface of a substrate 10 was cut at a
bevel accurately 1n a cutting direction 30. Thereafter, an
approximately 10x10 mm* piece was cut out, and a mesh
was placed on the measurement surface. The sample was
then fixed to a sample holder, and the concentration of
hydrophilic groups was measured with the time-of-tlight
secondary 10n mass spectrometer (TOF-SIMS) with respect
to a surface 40 of the coating layer 1n contact with the air and
to an 1nner portion 30 of the coating layer which was located
inside the film (at 2 of the film thickness, a surface exposed
at the 1nside of the coating layer 1n contact with the substrate
10).

(Evaluation)

The evaluation was made using the equation described
below. The 10on concentrations at the respective measurement
points were relative intensities (relative to the total of the
detected 10mns).

Sa/Da (ratio of concentrations of hydrophilic groups,
gradient)=Concentration of hydrophilic groups
at surface 40 of coating layer/Concentration of
hydrophilic groups at 2 of film thickness of
coating layer 20

<Measurement of Water Contact Angle>

The water contact angle was measured with respect to 3
sites for each sample with use of water contact angle meter
CA-V manufactured by Kyowa Interface Science Co., Ltd.
The water contact angles measured were averaged.
<Measurement of Haze>

The haze was measured with respect to 4 sites for each
sample with use of haze meter NDH2000 manufactured by
NIPPON DENSHOKU INDUSTRIES CO., LTD. The haze
values measured were averaged.
<Evaluation of Adhesion>

The adhesion was evaluated by JIS K5400, crosscut
adhesion test.
<Evaluation of Antifouling Properties>

The surface was marked with oil-based marker “Mackee
Gokuboso (ultrafine)” (black, code: MO-120-MC-BK)

manufactured by ZEBRA CO., L'TD. Water droplets were
dropped on the marked surface, allowed to stand for 30
seconds, and wiped with tissue paper. The antifouling prop-
erties were evaluated as © when the mark had been lifted by
water before wiping and could be easily removed, as O
when the mark was cleanly removed, as A when the mark
partially remained, and as x when the mark could not be
wiped ofl.
<Evaluation of Resistance to Breath Fogging>

The resistance to breath fogging was evaluated to be O
when the surface did not become fogged with breath, and x
when the surface became fogged with breath.

Example 1

Preparation Example 1: Preparation of 10 wt %
Compound (1)

With a homomixer (ROBOMIX (registered trademark)
S-model manufactured by PRIMIX Corporation), 10 g of




US 9,976,049 B2

39

sodium styrenesulfonate (hereinafter, referred to as STS-
Na), 30 g of water and 60 g of 1-methoxy-2-propanol
(heremaftter, referred to as PGM) were mixed together at
15000 rpm for 3 minutes to give an STS-Na mixture liquid
having a solid concentration of 10 wt %.
(Preparation of Coating Composition 1)

A coating composition 1 having a solid concentration of

39 wt % was prepared according to the formulation shown
in Table 1 below.

TABLE 1

Coating composition 1

Amount  Concentration
Materials (g) (wt %) Remarks
10% STS-Na 70.0 24.7% Prep. Ex. 1,
Compound (I)

EA-5722 100.0 35.3% Compound (II)
DAROCUR 1173 (BASF) 3.0 1.1% Polym-

erization

initiator
PGM: 1-methoxy-2-propanol 111.0 38.9% Solvent
Total 283.0 100.0%

Solid concentration (wt %) = 39%
S0;Na
STS-Na

X
O O O

\\[OH HOJ)
OH O O OH

PP G S G S SN

L
O
OH

10

15

20

25

30

35

40

(Application to Substrate and UV Irradiation)
The coating composition 1 was applied onto a polycar-

bonate plate (size: 100 mmx100 mm, manufactured by

Takiron Co., Ltd., hereinatter referred to as PC plate) with

a bar coater #07. The coating was dried with a hot air dryer
at 55° C. for 3 minutes and was wrradiated with UV (elec-
trodeless discharge lamp, H valve 240 W/cm, 1rradiation
distance 70 mm, conveyer speed 10 m/min (intensity 170
mW/cm?, accumulated dose 130 mJ/cm®, measured with
UI'T-150 manufactured by USHIO INC.)) to form, on the PC
plate, a 3 um thick monolayer film which included the
crosslinked resin having a hydrophilic surface. Thereafter,
the surtace of the film was washed with running water and
was dried with an air gun. An evaluation sample was thus
fabricated. The sample was evaluated by the properties
evaluation methods described heremabove. The gradient of
sulfonate group concentration (Sa/Da) 1n the monolayer film

obtained was 2.3. The other evaluation results are shown 1n
Table 2.

Examples 2 to 35, Reference Example 1 and
Comparative Examples 1 to 5

A coating composition was prepared, applied onto a
substrate and UV 1rradiated to form a monolayer film on the

PC plate, and the surface of the film was washed with

running water and dried in the same manner as in Example
1 except that the amount in which STS-Na was added and

the type of the compound (II) were changed as described 1n

Table 2 below. The evaluation sample thus obtained was

EADT2S 20 €valuated by the properties evaluation methods described
hereinabove. The evaluation results are shown 1n Table 2.
TABLE 2
Compound (II) or Water
crosslinking monomer contact
Compound (I) other than compounds (II) Appearance angle (°) Haze (%) Remarks
Ex. 1 STS-Na 70¢g BEA-3722 100 ¢  Transparent 17 1.1
Ex. 2 STS-Na 7.0¢ EA-3324 100 g 'ITransparent 26 0.1
Ex. 3 STS-Na 60¢g EA-5323 100 ¢  Transparent 22 1.7
Ex. 4 STS-Na 50¢g EA-5720 100 ¢  Transparent 28 0.8
Ex. 3 STS-Na 530¢g BEA-5721 100 ¢  Transparent 25 34
Ref. Ex. 1 STS-Na 50¢g 80-MFA 100 g Whitened 25 17 Transparency decreased.
Comp. Ex. 1 STS-Na 50¢ A-BPE-10 100 g Whitened 67 20 Hydrophilicity and
transparency decreased.
Comp. Ex. 2 STS-Na 350¢g A-BPE-30 100 g Whitened 49 13 Hydrophilicity and
transparency decreased.
Comp. Ex. 3 STS-Na 50¢ A-GLY-9E 100 g Whitened 59 27 Hydrophilicity and
transparency decreased.
Comp. Ex. 4 STS-Na 50¢g ATM-35E 100 g Whitened 48 10 Hydrophilicity and
transparency decreased.
Comp. Ex. 5 §STS-Na 50¢ PE-4A 100 g Whitened 42 41 Hydrophilicity and

transparency decreased.
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TABLE 2-continued
Compound (II) or Water
crosslinking monomer contact

Compound (I) other than compounds (II) Appearance angle (°) Haze (%)

7 OH j\\/

. \;\\?\\/\O/\g\ 0
7

HO
0 \ \<
.
EA-5324
¢ \ ¢
O O
OH OH
0 O 0
OH OH
y O \)\/O OH S O\)\/O\%\O/\(\O)I\/
/\[( /\n/ OH
O G O O
HO HO
O O
O; \\ O \"
EA-5323

O O

KEOH

OH O OH OH
///\(nj/o\)\/o\)\/o\)\/o\)\/ojo(\
EA-5720

pi
O O
OH

OH O OH
/\H/O\)\/O\/l\/o\)\/owf\
’ EA-5721 ’

OH OH OH
F O\)\/O\/l\/o\)\/o N
/jl/ \lo(\

80-MEFA

Remarks

42
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TABLE 2-continued

Compound (II) or
crosslinking monomer

44

Water
contact
Compound (I) other than compounds (II) Appearance angle (°) Haze (%)

Remarks

a+b=10
A-BPE-10

a+b=230
A-BPE-30

O O

O

\\)I\O/\/O\/\O/\/O\)\/O\/\/\O/\/O\/\OJ\//’

A-GLY-9E

at+tbt+tct+d=35
ATM-35E

O

A )
X
/X T

Examples 6 to 8 and Reference Example 2

A coating composition was prepared, applied onto a
substrate and UV irradiated to form a monolayer {ilm on the
PC plate, and the surface of the film was washed with
running water and dried in the same manner as in Example
1 except that the amount 1n which STS-Na was added was

changed as described 1n Table 3 below and the type of the

%0 compound (II) was changed as descri

hed 1n Table 3 below

(Examples 6 to 8) or the compound (.

1) was replaced by a

crosslinking monomer other than the compounds (II) (Ret-
erence Example 2). The evaluation sample thus obtained

«s was evaluated by the properties

evaluation methods

described hereinabove. The evaluation results are shown 1n

Table 3.
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TABLE 3
Compound (II) or Water
crosslinking monomer contact
Compound (I) other than compounds (II} Appearance angle (°) Haze (%) Remarks
Ex. 6 STS-Na 1.0 g EA-5721 25 g Transparent 7 0.9
U-15HA 75 g
Ex. 7 STS-Na 09¢g EA-5721 25 g Transparent 8 1.1
A-9530 75 g
Ex. & STS-Na 28 ¢ EA-5721 50 g Transparent 8 2.9
A-9530
Ref. Ex. 2 STS-Na 1.0 g ROMFEA 65 g Whitened 30 34 Hydrophilicity and
PE-3A transparency decreased.

o /
N\
\/(OOO
X
Ou. O Q

PE-3A

A coating composition was prepared, applied onto a 65 AS-Na) and the amount thereof was c.
substrate and UV irradiated to form a monolayer film on the Table 4 below, and also the type of t

Examples 9 to 13, Reference
Comparative

O
/\/\/\/ﬁ\r O
O

Hxample 3 and

Hxamples 6 to 12

I

.

running water and dried in the same manner as in Example
1 except that the type of the compound (I) was changed from
STS-Na to sodium allylsulfonate (hereinafter, referred to as

nanged as described 1n

PC plate, and the surface of the film was washed with changed as described 1n Table 4 b

ne compound (II) was
clow. The evaluation
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sample thus obtained was evaluated by the properties evalu-
ation methods described hereinabove. The evaluation results
are shown 1n Table 4.

Compound (I) other than compounds (II)

Ex. 9 AS-Na
Ex. 10 AS-Na
Ex. 11 AS-Na
Ref. Ex. 3 AS-Na
Ex. 12 AS-Na
Ex. 13 AS-Na
Comp. ExX. AS-Na
Comp. ExX. AS-Na
Comp. ExX. AS-Na
Comp. ExX. AS-Na
Comp. BEx. 10 AS-Na
Comp. Ex. 11 AS-Na
Comp. BEx. 12 AS-Na
\/\8031\13
AS-Na

8O g
50 ¢
50 ¢
50¢
20 ¢

20 g
50 ¢

50 ¢
50 ¢

50 ¢
50 ¢

50¢
50 ¢

TABL

Compound (II) or
crosslinking monomer

EA-5722 100 g
EA-5720 100 g
EA-5721 100 g
R0-MFA 100 g
EA-5721 50 g
U-15HA 50 g
EA-5721 50 g
A-9530 50 g

A-BPE-10 100 g

A-BPE-30 100 g

A-GLY-9E 100 ¢

ATM-35E 100 g
U-15HA 100 g
A-9530 100 g
PE-4A 100 g

Comparative Example 13

- 4
Water
contact
Appearance angle (°) Haze (%) Remarks
Transparent 21 0.3
Transparent 21 0.6
Transparent 33 0.7
Transparent 26 0.6
Transparent 18 0.7
Transparent 18 2.9
Whitened 47 5.4 Hydrophilicity and
transparency decreased.
Whitened 32 7.2 Transparency decreased.
Whitened 47 8.5 Hydrophilicity and
transparency decreased.
Whitened 38 6.7 Hydrophilicity and
transparency decreased.
Whitened 14 20 Transparency decreased.
Whitened S 24 Transparency decreased.
Whitened 7 16 Transparency decreased.
plate. Next, the surface of the film was washed with running
30

Reproduction of Conventional Art (JP-A-2005-187576,

Example 2)
(Preparation of Comparative Composition 30)

A uniform comparative composition 30 having a solid
concentration of 50 wt % was prepared according to the
formulation described in Table 5 below.

TABLE 5

Comparative composition 30 (solid concentration 50%)

Materials

AA: acrylic acid

P-1A: acryloyloxy-2-
ethyl phosphate
Pentaerythritol

tetraacrylate

40 wt %-sodium

hydroxide water

30%-1sopropanol

silica sol (Nissan

Chemical Industries, Ltd.)
IPA: 1sopropanol
Butyl acetate

(Application to Substrate and UV Irradiation)

Total

Amount  Concentration
(g) (wt %)
15.0 8.1%

5.0 2.7%
70.0 37.6%
Nil 0.0%
10.0 5.4%
43.0 23.1%
43.0 23.1%

186.0 100.0%

Remarks

Compound (I)
Compound (I)

Crosslinking
MOonomer
other than

compounds (II)
Agent for
forming sodium
salt of P-1A
Filler

Solvent
Solvent

A coating solution obtained by mixing the comparative

composition 30 with 2 g of IRGACUR.

= 184 (Ciba Specialty

Chemicals, Inc.) as a polymerization initiator was applied
onto a polymethyl methacrylate plate (size: 100 mmx100
mm, manufactured by Nitto Jushi Kogyo Co., Ltd., herein-
alter referred to as PMMA plate) with a bar coater #06. The
coating was dried at 100° C. for 5 minutes and was 1rradiated
with UV (Fusion UV Systems, Japan, electrodeless H valve

35

40

45

50

55

60

65
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240 W/cm, intensity 650 mW/cm®, accumulated dose 130
mJ/cm?®, measured with UIT-150 manufactured by USHIO
INC.) to form a 4 um thick monolayer film on the PMMA

water and was dried with a hot air dryer at 50° C. This film

sample as of after water washing was evaluated by the
properties evaluation methods described hereinabove. Fur-
ther, the film that had been washed was soaked in a 10 wt %
sodium hydroxide solution for 5 minutes, and the surface of
the film was washed with running water and was dried with
a hot air dryer at 50° C. This alkali-soaked film was
subjected to the similar evaluations. The evaluation results
are shown 1n Table 6 below. The monolayer film as of after

washing with water and the alkali-soaked film exhibited low
hydrophilicity and low transparency.

TABLE 6

Evaluations of monolayer film

Film after alkali

Film after soaking (Sodium salt was
water formed after the
washing production of the film.)
Appearance Whitened Whitened
Water contact angle (°) 68 51
Haze (%) 7 14

Intensity™ of carboxyl groups at  4.8E-02 3.9E-02
surface of film, Sa

Intensity™ of carboxyl groups at 5.3E-02 4.6E-02
middle of film, Da

Intensity™ of carboxyl groups at 5.4E-02 4.2E-02

bottom of film
Ratio of carboxyl group 0.91 0.85
concentrations (Gradient Sa/Da)

Intensity** of phosphate groups at 2.1E-02 2.2E-02
surface of film, Sa

Intensity** of phosphate groups at 2.2E-02 2.5E-02
middle of film, Da

Intensity** of phosphate groups at 2.1E-02 2.4E-02

bottom of film
Ratio of phosphate group 0.95 0.88

concentrations (Gradient Sa/Da)

*Relative intensity of C3H305™ (m/z = 71) (relative to total 1ons)

**Relative intensity of CoH4PO,™ (m/z = 123) (relative to total 1ons)
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The analysis of the intensity of carboxyl groups and the
intensity of phosphate groups was performed by the follow-

ing method.

Analysis method: The sample was precisely cut at a bevel in
the thickness direction, and the cross section was analyzed

with TOF-SIMS.
Analyzer: TOF-SIMS manufactured by ION.TOF

. . ) . 4
Primary 1ons: Bi,

5

10
Accelerating voltage: 25 kV

Comparative Example 14

Reproduction of Conventional Art (JP-A-2005-187376, =

Example 5)
(Preparation of Comparative Composition 31)

An attempt was made to prepare a uniform comparative
composition 31 having a solid concentration of 50 wt % by
mixing the materials vigorously according to the formula-
tion described in Table 7 below. Acrylamide-2-methylpro-
panesulfonic acid (ATBS) was not dissolved and the product
was separated and white turbad.

20

25

TABLE 7

Comparative composition 31 (solid concentration 50 wt %o)

30

Concentration

(wt %)

Amount
(g)

Materials

50.0
35.0
5.0

26.9%
18.8%
2.7%

PE-4A: pentaerythritol tetraacrylate

AA: acrylic acid 33

ATBS: acrylamide-2-methylpropanesulionic
acid

30%-methanol silica sol (Nissan Chemical 10.0 5.4%

Industries, Ltd.) 40

86.0 46.2%

Isopropanol

Total 186.0 100.0%

45
(Application to Substrate and UV Irradiation)

To the white turbid comparative composition 31, 3 g of
perbutyl oxypivalate (Perbutyl PV, manufactured by NOF
CORPORATION) as a thermal polymerization initiator was
added. The mixture was stirred vigorously, but the coating
liquad still remained nonuniform.

50

The separated and white turbid coating liquid was forced
applied to a PMMA plate with a bar coater #06. The coating
was dried at 100° C. for 5 minutes and was further heated at
60° C. for 8 hours and at 100° C. for 5 hours, thus forming
a 4 um thick monolayer film on the PMMA plate. As
expected, the monolayer film obtained was white turbid due
to the ATBS-derived components remaiming separated. The
f1lm had low hydrophilicity and was so soit that 1t was easily
scratched by a nail. The film was thus found to be incapable
of serving as a monolayer film.

55

-
-

For confirmation, the film was evaluated in the same
manner as in Comparative Example 13 after being washed
with water and after being soaked 1n the alkali. The evalu-
ation results are shown 1n Table 8.

65

50
TABLE 8

Coating test results

Film after alkali

Film after soaking (Sodium salt was
water formed after the
washing production of the film.)
Appearance White turbid White turbid
Water contact angle (°) 53 50
Haze (%) 45 80
Intensity™ of carboxyl groups at — 2.5E-02
surface of film, Sa
Intensity™ of carboxyl groups at — 3.2E-02
middle of film, Da
Intensity™ of carboxyl groups at — 3.1E-02
bottom of film
Ratio of carboxyl group 0.78
concentrations (Gradient Sa/Da)
Intensity** of sulfonate groups at — 1.1E-03
surface of film, Sa
Intensity** of sulfonate groups at — 2.6E-03
middle of film, Da
Intensity** of sulfonate groups at — 2.9E-03
bottom of film
Ratio of sulfonate group 0.42

concentrations (Gradient Sa/Da)

*Relative intensity of C3H30,™ (mfz = 71) (relative to total 1ons)
**Relative intensity of SO3 (mm/z = 80) (relative to total 1ons)

The analysis of the intensity of carboxyl groups and the
intensity of sulfonate groups was performed by the follow-
ing method.

Analysis method: The sample was precisely cut at a bevel in

the thickness direction, and the cross section was analyzed
with TOF-SIMS.

Analyzer: TOF-SIMS manufactured by ION. TOF
Primary ions: Bi,**
Accelerating voltage: 25 kV

Comparative Example 15

Reproduction of Conventional Art (JP-A-S535-90316,
Example 1)
(Preparation of Coating Composition)

A uniform comparative coating composition 32 having a
solid concentration of 36 wt % was prepared by mixing the

materials vigorously according to the formulation described
in Table 9 below.

TABLE 9

Comparative coating composition 32 (solid concentration 36 wt %)

No. Name Amount (g)
1 Dipentaerythritol pentaacrylate 19.7
Polyethylene glycol dimethacrylate 3.3

(number of repeating structural units
“ethylene oxide” = 23)

3 Tetrahydrofurfuryl acrylate 3.3
4 N-lauryldiethanolamine 2.6
5 Methacryloyloxyethyl phosphate 3.3
6 Sulfoethyl methacrylate 2.0
7 N,N-dimethylformamide 6.6
8 Isopropanol 46.0
9 Toluene 13.2
10 Benzoin ethyl ether 1.5
11 Benzoyl peroxide 0.7
Total 102.2

(Application to Substrate and UV Irradiation)
The comparative coating composition 32 was applied
onto a PMMA plate with a bar coater #08. The coating was
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allowed to stand at room temperature for 10 minutes and was
thereafter irradiated with UV (manufactured by Fusion UV
Systems, Japan, electrodeless discharge lamp.D valve, con-
veyer speed 5 m/min, intensity 670 mW/cm”, accumulated
dose 450 mJ/cm?®, measured with UIT-150 manufactured by

USHIO INC.) to form a 3.5 um thick monolayer film on the
PMMA plate.

Because the surface of the monolayer film obtained was
sticky due to the bleeding out of liquid, the surface was
washed with running water and dried with an air gun. The
sample was then evaluated by the properties evaluation
methods described hereinabove. The evaluation results are

shown 1n Table 10.

TABL.

10

(L]

Coating test results

Comp. Ex. 15
Appearance Slightly
whitened
Water contact angle 58
Haze 2.4
Crosscut adhesion 0/100
Antifouling properties X
Antifogging properties X
Intensity® of sulfonate groups at surface of film 2.88-02
Intensity™ of sulfonate groups at middle of film 6.2E-02
Intensity™ of sulfonate groups at bottom of film 7.6E-02
Ratio of sulfonate group concentrations (surface/middle) 0.5
Intensity** of phosphate groups at surface of film 6.0E-03
Intensity™®* of phosphate groups at middle of film 2.0E-02
Intensity** of phosphate groups at bottom of film 2.2E-02
Ratio of phosphate group concentrations (surface/middle) 0.3

*Relative intensity of 8O3~ (m/z = 80) (relative to total ions)
**Relative intensity of CoH4PO,4 (m/z = 123) (relative to total 1ons)

The invention claimed 1s:

1. A monolayer film comprising a crosslinked resin
obtained by polymerizing a composition including:

a compound (I) having an anionic hydrophilic group and
a Tunctional group with a polymerizable carbon-carbon
double bond, and

a compound (II) having three or more hydroxyl groups
and three or more functional groups with a polymer-
1zable carbon-carbon double bond,

the monolayer film having a gradient (Sa/Da) of not less
than 1.1 wherein Sa 1s the surface concentration of the
anionic hydrophilic groups 1n the monolayer film, and
Da 1s the deep concentration of the hydrophilic groups
at 2 of the thickness of the monolayer film, and
wherein the compound (I) 1s a compound represented
by the general formula (100) below and A 1n the general
formula (100) 1s a functional group with at least one
polymerizable carbon-carbon double bond selected
from the general formulas (121) to (123) below,

(100)
AT D

wherein CD 1s a group which includes at least one hydro-
philic group selected from those groups represented by the
general formulas (101) to (106) below; n,, indicates the
number of As bonded to CD and 1s 1 or 2; and n, - indicates
the number of CDs bonded to A and 1s an integer of 1 to 5:
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(101)

I
#1—5‘1—OM
O

wherein M 1s a hydrogen atom, an alkali1 metal, an alkaline
earth metal having 2 atomic valence or an ammonium ion;

and #1 indicates a hand bonded to a carbon atom present 1n
A 1n the formula (100);

(102)
OM

#l—O—P—0OM

O

wherein M at each occurrence 1s a hydrogen atom, an alkali
metal, an alkaline earth metal having 12 atomic valence or an
ammonium i1on; and #1 indicates a hand bonded to a carbon

atom present in A 1n the formula (100);

(103)

#1
0
O P OM
#1/ |
O

wherein M 1s a hydrogen atom, an alkali metal, an alkaline
carth metal having 2 atomic valence or an ammonium ion;
and #1 at each occurrence indicates a hand bonded to a
carbon atom present in A in the formula (100);

(104)
#1—(C—OM

O

wherein M 1s a hydrogen atom, an alkali1 metal, an alkaline
earth metal having 12 atomic valence, an ammonium 1on or
an amine 1on; and #1 indicates a hand bonded to a carbon
atom present in A 1n the formula (100);

(105)
MO 0O

#1—X OM

Te /
3

05

wherein r. and r, each independently represent a hydrogen
atom, a methyl group, an ethyl group or a hydroxyl group:;
N, 1s an mteger of 0 to 5; X 1s —O—, —S—, —NH—or
—NCH,—; M at each occurrence 1s a hydrogen atom, an
alkali metal, an alkaline earth metal having 2 atomic
valence or an ammomnium 1on; and #1 indicates a hand
bonded to a carbon atom present in A 1n the formula (100);
and
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(106)

O
#1—X ‘ \_<O
F OM
wherein X 1s —O—, —S—, —NH—or —NCH,—; M 1s a

hydrogen atom, an alkali metal, an alkaline earth metal
having 4 atomic valence or an ammonium i1on; and #1]
indicates a hand bonded to a carbon atom present in A 1n the

formula (100),

(121)

#2

wherein r represents a hydrogen atom or a methyl group; r,
and r, each independently represent a hydrogen atom, a
methyl group, an ethyl group or a hydroxyl group; n,,, 1s an
integer of 0 to 10; and #2 indicates a hand bonded to #1
present 1 at least one croup selected from those groups
represented by the general formulas (101) to (106);

)/”\

wherein r represents a hydrogen atom or a methyl group; r,
and r, each independently represent a hydrogen atom, a
methyl group, an ethyl group or a hydroxyl group; n,,, 1s an
integer ol 0 to 10; n,< 1s an integer of O to 3; n, < 1s an 1nteger
of 1 to 5; and #2 indicates a hand bonded to #1 present 1n at

least one group selected from those groups represented by
the general formulas (101) to (106);

(122)

(123)
Ty #2

I #2

wherein r; and r, each independently represent a hydrogen
atom, a methyl group, an ethyl group or a hydroxyl group:;
and #2 at each occurrence indicates a hand bonded to #1
present 1 at least one group selected from those groups
represented by the general formulas (101) to (106);

(124)
rl #2

#2

10

15

20

25

30

35

40

45

50

55

60

65

54

wherein r, represents a hydrogen atom, a methyl group, an
ethyl group or a hydroxyl group; and #2 at each occurrence
indicates a hand bonded to #1 present 1n at least one group

selected from those groups represented by the general for-
mulas (101) to (106); and

E fo
r O O]
0 O X1~
B = 0]
Te
2010
/; ;o

wherein X 1s —O—, —S—, —NH— or —NCH,—; r and
r0 each independently represent a hydrogen atom or a
methyl group; r. and r, each independently represent a
hydrogen atom, a methyl group, an ethyl group or a hydroxyl
group; R, represents a hydrogen atom, a C, _,, alkyl group,
a C,_,, cycloalkyl group, a phenyl group, a benzyl group, a
hydroxyl group, hydroxymethyl or hydroxyethyl; n,, repre-
sents 0 or 1; n,,, 1s an mteger of 1 to 10; and #2 indicates
a hand bonded to #1 present 1n at least one group selected
from those groups represented by the general formulas (101)
to (106).

2. The monolayer film according to claim 1, wherein the

compound (II) 1s a compound represented by the general
formula (200) below:

(125)

#2

~— |

(200)

OH I

u 1030 i PPI

wherein Mc indicates at least one group selected from those
groups represented by the general formulas (201) to (209)
below; X 1s —O—, —S—, —NH— or —NCH,—; r 15 a
hydrogen atom or a methyl group; rl to r4 each indepen-
dently represent a hydrogen atom, a methyl group, an ethyl
group or a hydroxyl group; m,,,, 1s an integer of 0 to 10; n, 4,
1s an integer of 0 to 30; and n,,, 1s an integer of 3 to 20:

(201)

#3 41

Ni1o

wherein m, , 1s an mteger of 1 to 10; N,,, 1s an integer of
1 to 10; #3 at each occurrence indicates a hydrogen atom or
a hand bonded to a carbon atom present in the group
represented by the formula (200); R represents —O-#3 or
—CH,O0—+3; R, represents a hydrogen atom, a hydroxyl
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group, —0O-#3, —CH,OH, —CH,O—#3 or a C,_, alkyl
group; when m,,, 1s 2 or greater, R.s and R,s each may be
the same as or different from one another; when m, 5 1s 2 or
greater, #3s may be the same as or different from one
another; and there are the same number of hands #3 bonded
to a carbon atom present 1n the group represented by the

tormula (200) as the number indicated by n,,, 1n the formula
(200);

(202)

- = N110

wherein m, ,, 1s an iteger of 1 to 10; N, ,, 1s an integer of
1 to 10; #3 at each occurrence indicates a hydrogen atom or
a hand bonded to a carbon atom present in the group
represented by the formula (200); R. represents —O-#3 or
—CH,O—4#3; R, represents a hydrogen atom, a hydroxyl
group, —O-#3, —CH,OH, —CH,O—#3 or a C,_, alkyl
group; when m,,, 1s 2 or greater, R.s and R s each may be
the same as or diflerent from one another; when m, 5 1s 2 or
greater, #3s may be the same as or different from one
another; and there are the same number of hands #3 bonded
to a carbon atom present in the group represented by the

tormula (200) as the number indicated by n,,, 1n the formula
(200);

(203)

#3

wherein m,,, 1s an integer of 1 to 10; #3 at each occurrence
indicates a hydrogen atom or a hand bonded to a carbon
atom present 1n the group represented by the formula (200);
R, represents —O-#3 or —CH,O-#3; R represents a hydro-
gen atom, a hydroxyl group, —O-#3, —CH,OH, —CH,O-
#3 or a C,_, alkyl group; when m,,, 1s 2 or greater, R.s and
R.s each may be the same as or diflerent from one another;
when m, , 1s 2 or greater, #3s may be the same as or different
from one another; and there are the same number of hands
#3 bonded to a carbon atom present 1n the group represented

by the formula (200) as the number indicated by n,,, in the
formula (200);

(204)

10

15

20

25

30

35

40

45

50

55

60

65

56

wherein n,; 1s an iteger of 0 to 3; n,- 1s an mteger of 0 to
5; #3 at each occurrence indicates a hydrogen atom or a hand
bonded to a carbon atom present in the group represented by
the formula (200); X, and X, each independently represent
—CH,—, —CH(OH)—, —CH(—0-#3)- or —CO—; when

n,, 18 2 or greater, X,s may be the same as or different from

one another; when n,< 1s 2 or greater, X, s may be the same

as or diflerent from one another; the cycloalkylether ring 1n
the formula (204) may have one or more carbon-carbon
double bonds 1n place of a carbon-carbon bond; and there are
the same number of hands #3 bonded to a carbon atom
present 1n the group represented by the formula (200) as the

number indicated by n,,, 1n the formula (200);

(205)

#3
0O O
/ O
#3 \ #3
#3

wherein #3 at each occurrence indicates a hydrogen atom or

a hand bonded to a carbon atom present in the group

represented by the formula (200); and there are the same
number of hands #3 bonded to a carbon atom present in the
group represented by the formula (200) as the number
indicated by n,,, in the formula (200);

(206)
#3
#3—O \
O
H3 O
O Ny
O
O
O
#3/ Ci
0 #3
|
O
#3 \

wherein #3 at each occurrence indicates a hydrogen atom or

a hand bonded to a carbon atom present in the group

represented by the formula (200); and there are the same
number of hands #3 bonded to a carbon atom present 1n the
group represented by the formula (200) as the number
indicated by n,,, 1 the formula (200);
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(207)
#3 0—#3
/
#3 O O
\
0O 0O .
\
O 43
0O O O
/ /
#3 #3 .
0O O
\
43 #3

wherein #3 at each occurrence indicates a hydrogen atom or 5
a hand bonded to a carbon atom present in the group
represented by the formula (200); and there are the same
number of hands #3 bonded to a carbon atom present 1n the
group represented by the formula (200) as the number

indicated by n,,, in the formula (200); 20

(208)
3
: #\ O O 75
O
0O O
3
30
O 0 — i3

58

wherein #3 at each occurrence indicates a hydrogen atom or
a hand bonded to a carbon atom present in the group
represented by the formula (200); and there are the same
number of hands #3 bonded to a carbon atom present in the
group represented by the formula (200) as the number
indicated by n,,, 1n the formula (200); and

(209)

wherein R, 5 1s a hydrogen atom, a C,_,, alkyl group, a C,_,,
cycloalkyl group, a phenyl group, a benzyl group, a
hydroxyl group, a hydroxymethyl group or a hydroxyethyl
group; #3 at each occurrence indicates a hydrogen atom or
a hand bonded to a carbon atom present in the group
represented by the formula (200); and there are the same
number of hands #3 bonded to a carbon atom present 1n the
group represented by the formula (200) as the number
indicated by n,,, 1n the formula (200).

3. A stack comprising at least one monolayer film
described 1n claim 1.

4. A stack comprising at least one monolayer film
described 1n claim 2.

G o e = x
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